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Duxbak Waterproof Leather Belting Was 
Chosen To Replace All The Belts 
Burned At This Fire 


A large manufacturing plant was destroyed by fire, the engine and boiler room alone 
escaping. 

When the plant was rebuilt and equipped they chose Schieren’s Duxbak Water- 
proof Leather Belting to replace the miscellaneous collection of good, bad and indiffer- 
ent belts they had before. 

The new plant has been running over a year now with a coal bill considerably less 
than before. 

There is very little time lost through broken belts and a great deal gained on the 
work because of improved belt conditions. 

The superintendent told our salesman the ether day, in a burst of confidence, that 
he now believed in using one kind of belting, THE BEST, Schieren’s “Duxbak.” 

Don’t wait till some misfortune compels the purchase of new belts throughout. 
Replace any unsatisfactory belt with a “Duxbak,” and finally you’ll have all “Duxbaks.” 


Send for Price List. 


B. 


BELTIN New York, 69 Cliff Street. 


Boston, 641-643 Atlantic Ave., Opp. South Station. 
Philadelphia, 226 North Third St. 
Denver, 1752 Arapahoe St. 
Pittsburg, 205 Wood St. 
Chicago, 128 W. Kinzie St. 
Hamburg, Germany, Auf dem Sande 1. 


TANNERS Oak Leather Tanneries, Bristol, Tenn. 
BELT MANUFACTURERS 
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The Dean Removing Scale from the Tube of a Water Tube Boiler 


ndisputable Evidence 


Of Work Done 


Wouldn’t you like to have some tangible evidence that your scale is removed— 

Indisputable evidence that your boilers are clean— 

Absolutely clean, not merely less dirty? 

Guess work is mighty risky business. 

Yet that’s all the compound user can do. 

He dopes his boilers with compounds. 

Then he guesses it’s doing the work. 

He sees enough scale come out of the boiler at the wash-out to keep up his 
faith in compounds. 

BUT HE DOES NOT AND CAN NOT SEE ENOUGH OF THE INTERIOR OF THE BOILER 
TO KNOW WHETHER ALL THE SCALE IS REMOVED. 
~~ So he guesses—and scale goes on with its damaging work. 


The Dean Boiler Tube Cleaner 


goes seaciaes no inspector can. 
It leaves every tube through which it travels as clean as a gun barrel. 
Because it removes scale by the logical way—vibration. 
The Dean will give you indisputable evidence that it has cleaned your tubes. 
Why foo! with guess work when you can be certain? 
Try a Dean in one of your boilers, free of charge. 
Then contrast old and new results. 
You'll see where guess work cost you dearly and where knowledge means 
money. 
Shall we send you a Dean on trial 
If you want particulars first, write for Booklet 130. 


The Wm. B. Pierce Company 


Chicago Office: 801 Steinway Bldg. Jewett Building, Buffalo, N. Y. 


The Dean Removing Scale from the Tube of a Return Tubular Boiler 
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KEYSTONE GREASE 


5 4 


An Engineer’s Cap, Brass Grease 
Cup And Can Of Keystone Grease 


We want to send them to you to prove that 
Keystone Grease is the best, the most eco- 
nomical Lubricant you have ever used on your 
engines or machinery. To show you how Key- 
stone Grease is wasteless, how it reduces fric- 
tion toa minimum, will not gum, contains no 
tallow, fats, soapstone or any injurious sub- 
stances and is not soluble in water. 

Keystone Grease is applied to bearings by 
pressure grease cups. The development of fric- 


tional heat is not required to cause the grease to 
feed. The original density of Keystone Grease 
never changes under the severest conditions of 
speed pressure and atmospheric temperature. 

Keystone Grease holds the world’s record 
for the lowest coefficient of friction. We guar- 
antee that no other lubricant on the market 
can compare with it in quality. 

Remember—the coupon brings all three, 
Cap, Cup and Can of Grease. 


Executive Offices and Works 


21st, Clearfield and Lippincott Streets 


Philadelphia, Pa. 


Branch offices and warehouses in the principal cities of the United States. 
Agencies in the principal countries throughout the world. 


No Connection With The Oil Trust 


A SAMPLE FREE 


KEYSTONE LUBRICATING CO., 


Please send us a large size sample of Keystone Grease, sufficient for testing purposes, and one Brass GreaseCup and Free Engineer’sCap. 
It is thoroughly understood that no charges whatsoever will be made for sample, cup or cap,and all express charges will be paid by you. 


Dept. B—9-5-11 


5S. PAT: OFF. 
SSS 2 VY NUMBER STAME 
= LY KE Pc LUB 4 \ SSS 
i 
FIRM 
Size cap required... CUT OUT THIS COUPON AND MAIL IT TO-DAY 
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Brass, Top Outlet, 
Encased Spring 


The Object 


of a safety valve isto Relieve an Ex- 


cess of Pressure, but No More, 
and one that does relieve more is waste- 
ful and expensive. Neither is a valve 
with excessive lift needed, nor is it de- 
sirable, because it is not durable, as it 
causes a tremendous wear on the seat- 
ing surfaces. 
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Iron, 


Encased Spring 


Lunkenheimer Pop-Safety Valves 


will promptly Relieve the Overpressure Only, and 
nothing more. They can be regulated to reduce the pressure 
only one pound, if such close regulation is desired; will not 
chatter or hammer themselves to pieces; will not sticK, and 
adjustment of the pop and pressure can be made from the 
outside of the valve. 


The valves can be had with either brass or iron bodies, made 
in all standard sizes. 


Lunkenheimer Line Of Pop-Safety Valves 


is very large and complete one and is thoroughly illustrated 
and described in our catalogue, a copy of which will be sent 
free upon request. 


**MOST supply houses sell them—yours CAN—if they DONT or WONT—+tell US.’’ 


Outside Spring 


The 
Lunkenheimer Company 


Largest Manufacturers Of High-Grade 
Engineering Specialties In The World 


' General Offices and Works 


Cincinnati, Ohio, U.S. A. 


New York 
64-68 Fulton St. 


Boston 
138 High St. 


London, S. E. 
35 Great Dover St. 


Chicago 
186 North Dearborn St. 


Outside Spring 
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HE state of exaggeration will ever try 
to beat the state of real achievement. 
It has been at it for centuries, but al- 
ways loses out. Exaggeration draws atten- 
tion for a time, but its life is limited; the 
bigger the boast, the smaller the assurance 
of fact, and, directly, the shorter its existence. 


Exaggeration in a marked degree becomes 
a parody, a parody of an imaginary original. 
Just think this out, and the absurdity will 
be evident. It is like setting up an engine 
without a foundation. 


This state is always found in the fellow 
who likes to “put it over” the other chap; 
who believes he is “it” in his own mind and 
wants to thoroughly impress you with the 
big “I am.’’ You have met him; does he 
succeed ? 


Real achievement is scarce, because it takes 
a real man’s work to get there. It is founded 
on bedrock, it needs no introduction, it de- 
mands no boost or assistance. The matter 
is in actual evidence, its life is unlimited. 
A real achievement endures perpetually. 


In our little field in this world, the power 
plant, the ratio of the achiever to the exagger- 
ator is one toa hundred. Are you the one? 


Even with this advantage in number of 
followers, the old “brago” falls behind in 
the race. He has no firm footing on which 
to Test. The one is like an Oklahoma cyclone 
—it sweeps everything in its path; the hun- 
dred seek the “cellar,” the ’fraid hole”’; 
they hide. 


The state of exaggeration in the engineer 
is the state of self-conceit, and self-conceit 
has an established record for costing many 
a man his job. Even after the “jolt” he 
wonders why; he would not if he could 
forget the “ego.” 


The persistent exaggerator is closely allied 
to the persistent prevaricator—he tells the 
same yarn so often, and adding each time, 
he gets to really believe it himself. He 
always deals with past performances, and is 
strong on anecdotes with the pronoun “I.”’ 


Get him down to facts, to present-day 
realities. There’s a difference. Speak, for 
instance, of economical fuel consumption 
and note the answer. His boilers are run- 
ning and supplying steam, is not that enough? 


Meet the achiever, he is a good man to know. 
If you really want to “get there,’’ just follow 
him. 


He is a man of character, of grit, has a firm 
determination to win, and all minus the 
‘swelled head’’ and the ever-beaten state 
of exaggeration. His plant shows it. He 
is ‘‘next’’ to real doings, actual operation; 
he knows his business from firing to delivering 
to the board, and he does not have to tell it, 
either. 


To achieve is to win, and to win we must 
ever play honest. It is the honest game 
in life that counts. 


Let your work be a real achievement. 
It is bound to pay dividends. 
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Southern California Edison System 


The fact that the Southern California 
Edison Company, of Los Angeles, is 
building what will be one of the most 
modern and economical central steam- 
generating stations on the Pacific Coast 
should revive the general interest in the 
extensive system of that company. 

The new plant is lgcated at Long 
Beach where sea water is available for 
condensing purposes. Long Beach is 
about 20 miles almost due south of Los 
Angeles. The ultimate capacity of the 
plant may be as much as 120,000 kilo- 
watts and the plant will eventually take 
over the load which is now being car- 
ried* by the steam-generating station, 
Los Angeles No. 3, which is located in 
the city of Los Angeles. 

The initial equipment will consist of 
a 15,000-kilovolt-ampere Curtis vertical 
turbine and eight Stirling boilers using 
crude oil as fuel. The steam will be 
generated at 225 pounds pressure and 


receive a superheat of 125 degrees. A. 


complete description of this plant will 
be printed as soon as the construction 
has advanced far enough for photograph- 
ing. 

A fair idea of the amount of territory 
covered by the Southern California Edi- 
son Company’s system may be gained 
from Fig. 1. The dotted lines to the 
north on the map indicate future de- 
velopment. The distance between Kern 
River No. 5, the most northerly of the 
proposed water-power stations, and Los 
Angeles is about 140 miles in an air line. 
The distance between Upper Santa Ana, 
the most easterly of the water-power 
stations, and Los Angeles is about 75 
miles in an air line. These great dis- 
tances between the generating stations 
and the area of distribution are char- 
acteristic of many of the water-power 
systems in the far West. 

The first hydraulic-generating station 
of this vast system and the first three- 
phase “high-tension” system to be used 
in America was completed in 1893 at a 
point about 8 miles east of the town of 
Redlands in San Bernardino county. The 
station is now known as Mill Creek No. 
1. It contained at the time of its com- 
pletion two 250-kilowatt three-phase gen- 
erators driven by Pelton waterwheels at 
600 revolutions per minute. The effec- 
tive head was 295 feet. Current was 
generated at 2500 volts and transmitted 
to Redlands at the same pressure. Dr. 
Louis Bell, who designed the plant, de- 
cided upon 50 cycles as the proper cur- 
rent frequency, following the lead es- 
tablished by European practice, 25 cycles 
for power circuits and the full 50 for 
lighting. 

It is interesting to note that as a re- 
sult of Doctor Bell’s decision in 1892 
to use 50-cycle current all public-service 
current in southern California today is 


50 cycles. 


of 


By A. R. Maujer 


Historical and descriptive 
sketch of an electric gene- 
rating system which event- 
ually will consist of some 12 
hydroelectric plants ranging 
im capacity from 1000 to 
20,000 kilowatts and two 
steam-generating plants of 
which one has a capacity 
of 11,500 kilowatts and the 
other will have a probable 
ultimate capacity of 120,- 
000 kilowatts. 


When the first extensions 
the original system were made it 


naturally followed that the dynamos were 
wound for 50 cycles so as to be con- 
sistent with the existing apparatus. 
Later when the desirability of 60-cycle 
current became manifest the system had 
grown to such proportions that a change 
over was out of the question. Then, 
when the Pacific Light and Power Cor- 
poration entered the field, in order to be 
able to have an emergency tie-in with 
the Edison Company’s lines, it also 
adopted 50 cycles. 


In 1896 it became necessary to in- 
crease the capacity of Mill Creek No. 1 
and this was done by increasing the head 
and adding a dynamo to the equipment. 
At the same time three Wagner siatic 
transformers were installed to raise the 
transmission voltage to 10,000 volts, 
which at that time was considered to be 
the ultimate in the way of high-tension 
current possibility. The effective water- 
pressure head was raised from 295 to 
650 feet; this necessitated an increase 
of 3000 linear feet in the length of the 
pressure pipe, making the total length 
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10,250 feet. This increased the capa- 
city of the station to 650 kilowatts. All 
of the old waterwheels were taken out 
and new ones, designed to operate eco- 
nomically under the new head, were put 


POWER 


1903. The static head is 1960 feet. 
Since Mill Creek No. 3 was built one or 
two plants of still higher head have 
been put up. The Pike’s Peak plant has 
a head of something over 2000 feet. 


howe 


Fic. 2. MiLL CREEK No. 2 wiTH ADDITION KNowN As MILL CREEK No. 3 


in. Water for the wheels which drove 
the new dynamo was tapped out of the 
existing pressure pipe. 


SANTA ANA RIVER DEVELOPMENT 


In the latter part of 1898 the Santa 
Ana River Station No. 1, to the north of 
the Mill Creek plant, was completed. 
This station contains four 750-kilowatt 
General Electric dynamos, of which three 
are driven by Pelton impulse waterwheels 
and one is driven by a Doble impulse 
wheel. The speed is 300 revolutions per 
minute and current is generated at 750 
volts. Originally the plant had but one 
pressure pipe, but later a second pipe 
was put in for emergency use. The head 
is 760 feet and there are 2285 lineal feet 
of pressure pipe. In addition to this 
there is considerable wood flume work 
to keep in repair and some tunnels. 


MILL CREEK No. 2 


In 1899 further growth in the demands 
for power resulted in the erection of 
Mill Creek Station No. 2, two miles east 
of the No. 1 station. Here there was in- 
Stalled two 250-kilowatt 11,500-volt 
three-phase General Electric dynamos 
driven by Pelton impulse wheels at 375 
revolutions per minute. The water-pres- 
Sure head at this station is 627 feet. 


MiLt CREEK No. 3 


The next extension to be made was 
called Mill Creek Station No. 3, although 
actually it was only an addition to Mill 
Creek No. 2 and not a separate station 
“all. Mill Creek No. 3 had the highest 
head of any hydraulic power plant in 
America at the time of its erection in 


Mill Creek No. 3 contains four 750- 
kilowatt dynamos which generate current 
at 750 volts. Of these, three are driven 
by Doble wheels and one is driven by a 
Pelton wheel. The speed is 430 revolu- 
tions per minute. 
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Mill Creek No. 2 it is 627 feet. All 
excitation for Mill Creek Nos. 2 and 3 
is generated by half of the water sup- 
plied to No. 2; the remaining half drives 
one of the original waterwheels to which 
has been attached a new 250-kilowatt 
dynamo. 

The pressure pipe for the Mill Creek 
No. 3 station is 8096 feet long and 26 
inches in diameter, reducing to 24 inches 
at the bottom. Fig. 2 shows the exterior 
of the combined Mill Creek Stations Nos. 
2 and 3 and Fig. 3 shows the four units 
which are known as Mill Creek No. 3. 


SANTA ANA No. 2 


In 1905 the Santa Ana Station No. 2 
was completed. It contains two 500-kilo- 
watt General Electric dynamos driven 
by Doble wheels at 176'% revolutions 
per minute and generating current at 
750 volts. The head is 310 feet and 
the pressure main is 644 feet long and 
36 inches in diameter. There are 7507 
feet of tunnel and 2136 feet of siphon 
pipe. This plant has no flume work. 


KERN RIVER No. 1 


The latest and largest of the water- 
power stations of this system, known 
as Kern River No. 1, was put into service 
in May, 1907. This plant is about 100 
miles northwest of Los Angeles. It con- 
tains four 5000-kilowatt 2300-volt Gen- 
eral Electric dynamos driven by Allis 
Chalmers impulse wheels at 250 revolu- 


Fic. 3. EQUIPMENT KNOWN As MILL CREEK No. 3 


At the same time that Mill Creek No. 
3 was being installed, the two dynamos 
in No. 2 were taken out and moved to a 
new station located a short distance 
northwest of Colton and known as the 
Lytle Creek Station. New waterwheels 
were put on these dynamos as the head 
at Lytle Creek is only 474 feet while at 


tions per minute. The head is 784 feet 
and there are 1425 feet of pressure main, 
6 feet in diameter. To bring the water 
to this plant, 44,935 feet of canal work 
are required of which 42,911 feet are 
tunnels and the balance wooden flumes. 
The tunnels are 8 feet wide and 7 feet 
high to the spring of the arch. 
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Fic. 4. KERN RIVER STATION No. 1 


STEAM AUXILIARY STATION 


As is the case with the big majority 
of hydroelectric systems, the Southern 
California Edison Company has a steam 
auxiliary station. This station, which is 
designated as Los Angeles No. 3, is lo- 
cated in Los Angeles. Originally it 
served only as a relay in case of inter- 
rupted service from the hydraulic plants, 
but now on account of the rapid growth 
in the demands for power part of its 
equipment generates current even during 
normal load conditions to piece out the 
insufficient supply from the water-power 
plants. When it is ready for service the 
new Long Beach station will take all of 
the permanent load now carried by Los 
Angeles No. 3 and the latter will then 
be maintained purely as an emergency 
reserve. 


The first two units in Los Angeles No. 
3 were put into service in 1904. These 
are 2000-kilowatt Curtis turbines driving 
2300-volt General Electric dynamos at 
750 revolutions per minute. The con- 
densers for these units are Wheeler 
Admiralty type. Originally each con- 
denser contained 6000 square feet of 
condensing surface but subsequently 
3000 square feet were added. The cir- 
culating-water pumps are single-stage 
centrifugal driven by 100-horsepower 
motors. The condensate is handled by 
Edwards triplex wet-vacuum pumps 
driven through steel-rawhide gears by 
30-horsepower motors. 

Electrical drive was adopted for these 
auxiliaries because in a relay plant sim- 
plicity and reliability of operation are 
of greater ultimate economy than ex- 
treme efficiency with regard to fuel con- 
sumption. 

In the latter part of 1907 a 7500-kilo- 
watt Westinghouse-Parsons turbo-gen- 
erator was added to the equipment of 
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Los Angeles No. 3. This unit runs at 
750 revolutions per minute and generates 
current at 16,500 volts. 


CooLiNG TOWER 


Perhaps the most interesting thing 
about the Los Angeles No. 3 station is 
the cooling tower. This is built in two 
sections; the first section was put up 
when the station was built and the sec- 
ond when the No. 3 unit was installed. 
The tower is of the atmospheric type 
and built of wood. The first section 
covers a ground area of 9800 square 
feet. The filling for both sections is 
of vertical mats made of common wooden 
laths. When both of the Curtis turbines 
are inservice about 17.5 second-feet of 
condensing water pass over the No. 1 
section of the tower. The water falls 20 
feet. 

The No. 2 section covers a ground 
area of 7490 square feet and contains 
some 335,000 square feet of wetted sur- 
face. In this section the water has a 
fall of 28 feet. When the Parsons unit 


Fic. 5. INTERIOR OF KERN RIVER STATION No. 1 


Los ANGELES STATION No. 3, SHOWING PART OF THE COOLING TOWER 


3 
: 
* 
Fic. 6. 


September 5, 1911 


Powe. 


Fic. 7. INTERIOR OF GENERATOR HousE OF Los ANGELES STATION No. 3 


is carrying its maximum load 33 second- 
feet of water pass over the tower. 

A recent test of the No. 2 section 
showed that under maximum-load condi- 
tions, with the condenser-discharge water 
going to the tower at 108 degrees, the 
temperature of the atmosphere at 65 de- 
grees, and with a humidity of 60 per 
cent. the circulating water was cooled to 
89 degrees and 140,500,000 B.t.u. were 
dissipated per hour. 


BOILERS 


The boiler installation for the first two 
units consists of eight 500-horsepower 
Stirling boilers, each containing 5020 
square feet of heating surface and 702 
square feet of superheating surface. 
Steam is generated at 150 pounds and 
given a superheat of 125 degrees. 

Seven 750-horsepower Stirling boilers 
were installed to supply steam to the 
Westinghouse-Parsons unit. These con- 
tain 7512 square feet of heating surface 
and 1600 square feet of superheating 
surface. They generate steam at 170 


pounds pressure and give a superheat of 
150 degrees. 


Crude oil is used for fuel, fed through 
Leahy back-shot fuel-oil burners. One 
Stack furnishes the draft for all of the 
boilers; it is 150 feet high, 12 feet in 
diameter. The stack is built of rein- 
forced concrete, and is of the plumb-wall 
double-shell construction. 

The feed pumps for the first boilers 
are Dean duplex, outside end packed, 
10 and 6 by 12 inches in size. The pumps 
for the newer boilers are Snow duplex, 
outside center packed, 16 and 10 by 12 
inches in size. 

The boiler makeup water is raised 
from a well on the property to wooden 
treating and storage tanks by a 6 and 
534 by 6-inch Dow duplex pump. The 


carbonate and sulphate impurities in the 
water are neutralized with compound 
manufactured by the company itself. 
A 500-horsepower Cookson open feed- 
water heater serves the original boilers 
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and a 5000-horsepower Cochrane open 
heater serves the other boilers. 


CURRENT DISTRIBUTION 


Los Angeles Station No. 3 serves as 
the receiving station for the current from 
the water-power plants. The current 
from the Kern River station is brought 
into Los Angeles No. 3 at 75,000 volts 
where it is stepped down for local dis- 
tribution. The distribution voltages in 
the city of Los Angeles are 15,000 and 
2300 volts. 

The transmission voltage from the 
Mill Creek and Santa Ana groups of sta- 
tions is 30,000 volts. The current from 
these stations is sent toward Los Angeles, 
supplying the various towns along the 
route. During normal-load periods there 
is a surplus which is received at Los 
Angeles No. 3, but during maximum-de- 
mand periods there is a deficiency which 
is made up from the current generated 
in Los Angeles No. 3. Practically all 
of the current generated at the Lytle 
Creek plant is consumed in Colton, 8 
miles away. The transmission from 
Lytle Creek is at 11,000 volts. 

We are indebted to R. J. C. Wood, 
superintendent of generation, for particu- 
lars in regard to the equipment of the 
various stations described herein. 


Fic. 8. BoiLER Room IN Los ANGELES STATION No. 3 
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During a trip abroad, from which the 
writer recently returned, he was par- 
ticularly interested to obseive the pro- 
gress being made in the development of 
rotary power and pressure machinery, 
including steam turbines, pumps, com- 
pressors and blowers; and in the fol- 
lowing will be found the account of an 
invention affecting all of these. It 
originated, however, with centrifugal 
pumps, and has thus far been worked 
out along that line only, except as noted 
farther on. 

To anyone familiar with such pumps 
it is well known that their development 
has been a matter of constant experi- 
menting, in the course of which rea- 


sonably accurate rules and formulas. 


have been evolved to cover most of the 
details of construction; so that now. the 
exact contribution which will be made 
by any part to the efficiency of the unit 
as a whole can be very closely deter- 
mined in advance. Throughout the de- 
sign the purpose has always been to 
reduce as far as practicable the fric- 
tional resistance of the water and other 
disturbing influences, thereby converting 
into pressure as large a proportion as 
possible of its kinetic energy which 
arises from the velocity given to it by 
the impeller. 

Among later improvements the most 
important has unquestionably been the 
general adoption of diffusers so designed 
as to form passages leading from the 
rim of the impeller to the volute, or 
whirl chamber, the effect of which will 
be to prevent the formation of eddies 
and to make the entrance of the water 
to the volute less of an interruption to 
its flow. 

On the Continent, where the centrifu- 
gal pump has developed faster prob- 
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Increasing Efficiency Rotary Pumps 


By C. A. Tupper 


The use of rotating diffusers, | 
envented by Professor No- 
vak of Austria, has been 
jound to increase centrifu- 
gal pump efficiency. The 
idea 1s also applicable to 
turbo-blowers and compress- 


| | ors. | 


in practice, by constructing a pump with 
rotating diffusers which he has covered 
by basic patents. 

This pump is comparable with the 
well known Rateau type, but differs from 
it in that the diffusers are not fixed but 
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of the friction at both sides of the im- 
peller, and provision for an ample whirl- 
pool or diffuser space with least side 
friction. 

The diffuser may consist of one or 
more shells rotating separately. Its ac- 
tion, or the changing of the kinetic en- 
ergy into pressure, is accomplished by 
the lips or sides of the outer edge of 
the rotating parts. These are so shaped 
as to form an easy passage from the 
impeller to the volute. The diffuser 
shells revolve freely on their axes and 
the action of the water issuing from 
the impeller keeps them in motion. 
Naturally, due to friction of the disks 
themselves and the decreasing velocity 
of the water, there is a gradual less- 
ening of the peripheral velocity of these 
revolving parts as their distance from 
the impeller is increased. In this way 
the velocity of the water is gradually 
stepped down. Bearing this in mind, it 


TABLE 1. RESULTS OF TESTS OF SMALL VOLUTE PUMP 
Test MUMBO... ........5... | 1 3 4 5 6 7 8 | 9 | 10 
Current consumption, kilo- 
_ 1.05 | 2.0 2.07 2.34 5.1 5.47 2.44 4.39) 4.93 
Revolutions per minute of, 
| 1042 | 1000 1000 1030 990 950 1040 980 980 
Efficiency of motor, per 
33 35 39 60 61 39 59.5 60 
Delivery of motor, horse- 
0.92 | 0.985 | 1.24 4.16 4.55 1.293 3.55) 4.02 
Power consumed by belt, 
estimated horsepower. . . 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 
Power consumed by pump, 
hormsepower............ 0.62 | 0.68 0.94 3.86 4.25 0.995) 3.25 Bice 
Revolutions per minute of 
on nee 0 2220 2220 2260 2200 2000 2270 2160 2170 
Manometric head, meters. . bus 0 0 15.4 16.6 pe | 17.0 18.8 | 17.4 
Capacity in liters (weir 
measurement). . 0 8.15 9.65 8.59) 10.32 
ee of pump, ‘horse- 
E of pump, per 
UR cree 46.8 45.8 66.2 | 64.5 
R F F F F R R R 


Nore.—Rotating diffuser =R. 
less than the United States horsepower standard. 


Stationary diffuser=F. 


H.P.= Metric horsepower, or slightly 


Fic. 1. VoLuTE PuMP FITTED WITH ROTATING DIFFUSER 


ably than in this country, one of the 
most eminent designing engineers, Prof. 
J. Novak, of Prague, Austria, has gone 
a step farther, if the conclusions drawn 
in this article are fully substantiated 


so arranged as to be freely rotated upon 
the shaft of the impeller or upon a spe- 
cial rigid sleeve. 

As a result of this arrangement there 
are two decided advantages: Reduction 


is easy to see that the ratio of velocity 
existing between the water and the re- 
volving diffusers is much less than that 
produced by the stationary diffusion 
vanes ordinarily used, and with this re- 
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duction in the relative velocity there is, 
of course, a very appreciable lowering 
of the frictional losses. ~ 

Table 1 shows the results obtained 
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The initial test was conducted by di- 
rector E. G. Fischinger, a consulting en- 
gineer of Dresden, in the interest of the 
machinery-building and engineering com- 
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Fic. 2. ARRANGEMENT FOR FIRST TEST 


with the small volute pump represented 
in Fig. 1, which was the first to be built 
and which was intended only for experi- 
mental purposes. This pump had a 3%- 


pany, Rudolph Meyer Aktien Geselschaft, 
Mulheim-on-the-Ruhr, which took over 
the entire patent rights for Germany of 
the Novak invention. 
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was held stationary by an especially pro- 
vided pin inserted for the purpose. In 
those marked R the diffuser was per- 
mitted to rotate freely. 

The conditions existing in the opera- 
tion of a modern centrifugal pump were 
by no means reproduced merely by hold- 
ing the diffuser stationary, as the re- 
sults of the tests themselves show; but 
the pump was not intended to do more 
than to indicate the relation between the 
efficiencies to be obtained from fixed 
and rotating diffusers. As a specimen 
of pump construction it left much to be 
desired, having been built in a plant 
not adapted to that class of work. Even 
the rotor was not well balanced, thus 
rendering its movement very uneven. 

Later, another pump built by Rudolph 
Meyer, Inc., was submitted to tests. 
These took place in the works of that 
firm at Mulheim-on-the-Ruhr, under the 
general direction of Messrs. Kwaysser 
and Saloman, an engineer in Vienna and 
an engineer of the Meyer firm, respec- 
tively, as well as in the presence of 
Professor Novak. 

This pump had an impeller 14 inches 


TABLE 2. RESULTS OF SECOND SERIES OF TESTS 


5 2 1 19 7 17 6 3 18 16 12 13 15 9 1l 14 
Diffuser (fixed or rotating) ROTATING FIXED ROTATING FIxED 

OF 1462 1412 1425 1412 1400 1390 1380] 1420 1412 1380] 1010 1000 1000) 1010 1000 1000 1000 
Manometric head, meters.|44.05 53.4 53.9 52.79 53.29 50.82 41.76/41.11 41.39 34.6/22.02 25. 14 23.05|18.82 18.37 19.37 17.83 
Capacity per second..... 0 27.2 27.46 32.1 32.3 37.0 47.2 {19.6 23.9 43.2} 0O 25.6 38.0 0 21.6 22.3 30.2 
Consumption of current, 

CU i ae 10.5 27.8 7.0 29.7 29.0 31.0 37.0 |25.5 27.9 36.4) 4.99 11.8 13.5 6.00 11.5 11.5 13.0 
Motor delivery, kilowatts.| 8.8 25.2 24.3 26.5 26.0 27.8 33.2 |22.8 25.0 32.7) 2.83 10.0 11 90 4.75 9.8 9.8 11 3 
Pump delivery, kilowatts.| 0 14.2 14.45 16.5 16.9 18.4 19.3 | 7.9 14.6] O 6.32 8.6: 0. 3.88 250 5.37 
Efficiency of unit, percent.| 0 51.0 53.5 55:4 58.3 59.3 52.3 |31.0 34.8 40.0] 0 54.0 64.0 0 33.0 37.0 40.75 
Efficiency of pump with 

belt, per Cans... ...:.. 0 56.4 59.5 62.0 65.0 66.0 58.4 |34.6 38.9 44.5) O 63.8 73.0 0 39.6 438.5 47.0 
Efficiency of pump alone, 

0 60.0 62.0 65.5 69.0 70.0 63.4 |37.6 42.0 48.0] 66.2 76.0 0 43.0 47.0 50.0 
Hydraulic efficiency, per 

78.0 82.0 82.0 80.0 84.0 81.0 68.0 |62.5 63.0 56 .0}79.0 74.0 72.5 |67.0 52.0 58.0 52.0 
inch discnarge, with two balanced suc- The arrangement for the test is shown 55 
tions of about 234 inches diameter each, in Fig. 2. A 13-horsepower direct-cur- 


the impeller diameter being about 534 
inches. The unit was designed to de- 
liver 9 liters of water per second, or the 
equivalent of about 140 gallons per min- 
ute. 

It will be noted from Fig. 1 that the 
pump had a single rotating diffuser and 
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Fic. 3. ARRANGEMENT FOR SECOND TEST 


a suitably designed throat. The shells 
of the diffuser were held together by 
side bolts, which also assisted the im- 
Peller discharge to drive the diffuser by 
friction along its inner surfaces. 


rent motor was belted to the pump and 
the suction pipe was firmly secured be- 
neath the pump. The water from the 
suction tank which passed through the 
pump was led through a tube 8 feet 
long to an adjustable discharge nozzle. 
The discharge basin and suction tank 
were connected by a flume at the lower 
end of which a Francis overfall measur- 
ing weir had been placed. Both the dis- 
charge nozzle and the weir were used 
in determining the volume of water 
handled, but only the values found with 
the latter, being somewhat lower than 
those shown by the discharge nozzle, are 
entered in the table. For measuring the 
head there were used two recording 
manometers, which were compared with 
each other and the readings of which 
agreed. In determining the consumption 
of electric current and arriving at the effi- 
ciency of the motor, Director Fischinger 
used his own instruments, which prior 
to the test had been carefully calibrated 
according to the compensation method. 
For the tests shown in the columns of 
Table 1 that are marked F, the diffuser 
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Fic. 4. Pump PERFORMANCE SHOWN 
GRAPHICALLY 


in diameter. The arrangement for the 
tests is shown in Fig. 3. The results 
are given in Table 2. From these tests 
it was evident that better efficiencies 
could be obtained by lessening the me- 
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chanical losses, and two rings were taken 
from the center bearing which had been 
continually running hot. 

For four hours on the following day 
a third test was then run. During this 
the manometer remained at a constant 
hight, except for some slight fluctuations 


76 
at 42 
72 
of 
€ € 10 ‘3 
A.M. AM. 
Duration = 


Fic. 5. EFFICIENCY AND CURRENT CON- 
SUMPTION SHOWN GRAPHICALLY 


caused by differences in the speed, and 
a steadily increasing volume of discharge 
was observed, with a lessening in the 
consumption of electric current and a 
rise in the efficiency, which reached 75 
per cent. In Figs. 4 and 5 this is shown 
graphically. 

Since then additional pumps have been 
_built and the writer has been informed 
that they are showing good results in 
service; but their manufacture has not 
yet reached the commercial stage as 
Professor Novak is proceeding slowly in 
the development of the various sizes and 
wishes to standardize them before put- 
ting the pumps on the market. 

In the United States the simultaneous 
development of the pump has been un- 
dertaken by O. C. Goeriz & Co., of San 


Francisco, Cal., who are just completing 


their first unit, a single-stage house 
pump, with double inlet, for 100 gal- 
lons per minute delivery against 55 
pounds pressure, or the equivalent of 
120 feet head. This will run at 3400 
revolutions per minute and is to be op- 
erated by a direct-connected 5-horse- 
power alternating-current (two-pole) 
motor. Drawings for similar pumps of 
50 and 150 gallons per minute are now 
in course of preparation. 

This firm makes interesting compari- 
sons between a twin-centrifugal pump of 
standard design, shown in Fig. 6, and a 
similar pump redesigned in accordance 
with the Novak system, as illustrated 
in Fig. 7. The company says: 

“It is known that the frictional re- 
sistance between a revolving disk and 
water depends on the squared relative 
velocity, while the energy loss must con- 
form with the cubed ratio of the rela- 
tive velocity between the disk and water. 
Applying this to a comparison of disk 
friction for the pump shown in Fig. 6 
as against that in Fig. 7, and assuming 
that the runner in both cases revolves 
with the same speed, the following con- 
clusion can be reached: In the former 


the water volumes B and C can be as- 
sumed to run at half speed, which is the 
middle between the full-speed runner 
The rela- 


and the stationary side walls. 
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tive velocity, or difference between full 
and half speeds, is therefore one-half 
speed. In the case of Fig. 7 the diffuser 
DE revolves at half speed itself, as 
proved by the tests made with Novak 
pumps; then the water volumes B and C 
are churned with, say, three-quarter 
speed, or the relative velocity is one- 
quarter. 

“For equal impeller diameters and 
equal impeller speeds it would therefore 
follow that, because the relative velocity 
between the impeller sides and the water 
in Fig. 7 is one-half that in Fig. 6, the 
frictional resistance must be one-quarter, 
and the loss of work by friction must 
be only one-eighth of what losses occur 
in the ordinary case represented by Fig. 
6. The energy losses in chambers F and 
G do not sum up with the losses in B 
and C. What waste is going on in F 
and G does not directly affect the en- 
ergy required at the pump shaft. How- 
ever, it influences the velocity of the 
diffuser halves D and E and thus. indi- 
rectly the waste going on in B and C. 
The friction loss in B drives the diffuser 


Fic. 6. STANDARD TWIN-SUCTION CEN- 
TRIFUGAL PUMP 


and the loss in E acts like a brake, but 
both have to balance; otherwise the dif- 
fuser must gain or lose speed until such 
equilibrium of friction forces shall be 
attained. 

“This is one part of the Novak im- 
provement. Contemplating the other and 
more important innovation, the two 
sketches, Figs. 6 and 7, must be com- 
pared again. 

“In Fig. 6 the water rushes from the 
impeller at a velocity which, for the sake 
of convenience, may be termed ‘full 
speed,’ and along the walls F of the 
stationary diffuser a certain part of the 
energy contained in the water must be 
dissipated by disk friction. The relative 
velocity between water and side walls 
is the entire full speed. Now, in Fig. 
7 the walls K, which belong to the dif- 
fuser halves D, and E, revolve again at 
half speed, and the relative velocity can 
be expressed as half speed. Therefore 
the frictional resistance in the arrange- 
ment shown by Fig. 7, as against that of 
Fig. 6, assuming equal extension of the 
diffuser walls in radial direction and 
similar conditions of the surface, will be 
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one-quarter, making the loss of energy 
one-eighth only.” 

The invention of Professor Novak is 
adaptable either to a volute or a tur- 
bine pump, and the selection of type de- 
pends mainly upon the head against 
which the water is to be delivered. 

The considerable reduction of side 
friction and the improved whirling ac- 
tion in the Novak pump make it pos- 
sible in many cases to run the impeller 
at a higher rate of speed, and thus as 
compared with a multi-stage unit to 
perform the required service with a sin- 
gle impeller without sacrifice of effi- 
ciency. For example, a one-impeller 
pump with the Novak diffuser can be 
made to replace a four-stage turbine 
pump of standard design running at half 
speed. Such a single impeller, which 
may require a casing of considerable 
radial extension if surrounded by sev- 
eral Novak diffuser shells, connected 
with a motor running at higher speed, 
will therefore be a strong competitor 
of the low-speed (or even equal speed) 
multi-stage turbine pump. Thus it will be 
practicable to build pump units, includ- 
ing higher-speed steam turbines designed 
for the most favorable conditions of 
steam consumption, with corresponding 
benefit to the net efficiency in the latter 
direction also. 

The test results shown in the tables 
indicate furthermore that an excellent 
standard line of house pumps can be 
developed at relatively low costs to give 
high efficiency, thus putting them in the 
lead of triplex pumps, as the latter re- 
quire a number of gears between the 
crank shaft and an electric motor op- 
erating at lower speed. 

For high-lift pumping, as in mines, 
fire-protection systems, etc., the 100 to 
300 pounds pressure attainable with 
pumps built on the Novak design will 


Fic. 7. TwiN-SUCTION PUMP FITTED WITH 
ROTATING DIFFUSERS 


offer additional opportunities for its ap- 


plication. 
Furthermore, it is apparent from Fig. 
7 that the Novak type of pump can be 


conveniently standardized, inasmuch as 
even a considerable difference in service 
requirements can be taken care of by 
a slight alteration to the first revolving 
diffuser, thus adapting the same size to 
smaller or larger lifts. 
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Certain mechanical improvements 
which have been brought out by the 
American representatives of Professor 
Novak, but which they state fall under 
the domain of his basic patents, are in- 
dicated on the right side of Fig. 7. Here 
a bushing N is shown, which is loose on 
the shaft but rigidly connected to the 
Novak diffuser half E, either by vanes 
O similar in shape to propeller blades or 
merely by stays P, thereby supporting 
the whole diffuser directly by the shaft 
itself. By this alteration a material re- 
duction of mechanical friction is gained. 
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Furthermore, if the water handled is 
gritty, oil or grease can be readily fed 
through a bore in the shaft directly into 


the clearance between bushing N and _ 


the shaft. In addition, provision has 
been made, it is stated, to so construct 
the impeller and diffuser that end thrust 
is taken care of automatically. 

“It is the logical inference,” says Di- 
rector Fischinger, who made the tests 
first above mentioned, “that moving dif- 
fusers will have an influence upon the 
efficiency of rotary blowers and com- 
pressors equally as great as that which 
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has here been established in relation to 
centrifugal pumps. Should that infer- 
ence be confirmed by practical tests, then 
there will be a great future opened up 
for the turbo-compressor.” 

Professor Novak is now working on 
the application of his patent to air com- 
pressors of the Rateau type, and some 
interesting developments in this line are 
expected to be announced shortly. Rud. 
Meyer Aktien Gesellschaft have already 
built and exhibited Rateau turbo-com- 
pressors fitted with Novak diffusers and 


‘are putting them on the market. 


Water Power Dam at Keokuk 


A large water-power project that has 
attracted a great deal of attention 
throughout the Middle ‘West for some 
time is that of the Mississippi River 
Power Company, which includes a dam 
across the Mississippi river between 
Keokuk, Ia., and Hamilton, Ill. The work 
has now reached the stage where a good 
idea can be had of the magnitude of 
the undertaking. 

The dam is being built at the foot 
of the Des Moines rapids, which have 
always constituted an obstruction to navi- 
gation at this point except at times of 
high water and around which the Gov- 
ernment has maintained a system of 
locks which was constructed in 1877. 
The new dam will make the maintenance 
of these locks unnecessary, as the power 
company will build new locks of much 
greater capacity, and these will be fur- 
nished to the Government free of cost. 
The new locks will be designed for a 
channel depth of 8 feet if the Govern- 
ment decides on that depth in the river 
channel. The dam will also furnish a 
permanent navigable stage of water for 
a distance of 60 miles above. 


By S. Kirlin 


The dam is to be 32 feet 
high and nearly a mile 
long. It will be sur- 
mounted by adjustable 
steel flood gates 11 feet 
high and the available head 
will vary from 31 to 39 
jeet. The initial installa- 
tion of waterwheels will 
have a capacity of 120,000 
kilowatts, though the ulti- 
mate capacity will be 220,- 
000 kilowatts. 


The dam, including abutments, will 
have a total length of nearly one mile, 
the spillway section being 4278 feet in 
length. Its hight will be 32 feet above 


the river bed and the width of the base 
42 feet. The upstream face will be 
vertical; the downstream side will be 
curved, having an arc of a circle at the 
toe which will throw the water away 
in a horizontal direction. On top of the 
spillway will be placed 119 steel flood 
gates 30 feet wide and 11 feet high, sup- 


- ported by concrete piers 6 feet thick, 


built integral with the dam. They will 
also support an arched bridge from which 
the gates will be electrically operated and 
so manipulated that the water above the 
dam will be maintained at practically a 
constant level at all seasons of the year. 

The dam will be built entirely of con- 
crete, without any reinforcement, and 
will be locked firmly in the river bed 
which is formed entirely of solid blue 
limestone at this point, making an ideal 
foundation for this type of structure. 
All work on the dam proper is: being 
done on the Illinois side of the river, 
while the power house and locks are 
being built from the Iowa side. Two 
temporary power houses, one on each 
side of the river, furnish the power for 
operating all engines, pumps and other 
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machinery used on the works. The one 
on the Iowa side contains 1000 horse- 
power in boilers, one 350-horsepower 
air compressor and one smaller com- 
pressor having a capacity of 150 horse- 
power. An electric-lighting plant is lo- 
cated in this power house in order that 
the construction can go forward night 
and day. 

On the Illinois side the temporary 
power house contains 800 horsepower 
in boilers, these furnishing the steam 
for operating all engines, pumps and 
drills used on the Illinois side of the 
river. An unusual feature of the work 
is the use of compressed air in all of 
the engines driving the different appa- 
ratus, the engineers deciding that this 
would be the most economical consider- 
ing the scattered position of a large por- 
tion of the machinery to be driven. 

The capacity of the concrete plant is 
1200 cubic yards per day and involves 
the moving of 100 carloads of rock, 50 
cars of sand, 6 cars of cement and 100 
trains of concrete per day. About 300,- 
000 cubic yards of sand will be re- 
quired to complete the work, which is 
obtained by means of a large sand- 
pumping plant located in the old channel 
of the Des Moines river about two miles 
below the dam. Great care is exercised 
that all material is up to standard grade, 
a complete laboratory being maintained. 
on the Illinois side for this purpose. Sam- 
ples of the concrete mixture are taken 
at frequent intervals from the buckets 
which convey the material to the forms. 
All cement is carefully tested by the 
company’s representative at the mills be- 
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located entirely in the bed of the river 
on the Iowa side. The power house 
will be 1400 feet long and 123 feet 
wide, and it will extend at right angles 
to the dam. The substructure will be 
of massive concrete in which will be 
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sary to blast out of the bed of the river 
in locating the foundations for the power 
house and lock is almost exactly the 
amount needed in the concrete work of 
the entire structure, including the dam, 
power house and lock. This rock, after 


Fic. 2. LOOKING TOWARD IOWA SHORE 


molded the water-wheel chambers and 
passages leading to them. On top of 
this will be built the superstructure, of 
concrete, brick and steel construction; it 
will contain the generators, transform- 
ers and switchboards. There will be 30 
vertical generating units; the generators 


it is blasted out, is loaded into cars by 
means of steam shovels, transported to 
the crushing plant and when crushed is 
conveyed to the bins over the mixing 
plants located on each side of the river. 

To prevent floating ice, logs and other 
objects from entering the channels lead- 


fore it is shipped to the warehouses at 
the works. All stone used in the con- 
crete is blasted out of the river bed 
in making the foundations, and is of the 
finest quality. 

»The power house and locks will be 


Fic. 3. LooKING TOWARD ILLINOIS SHORE 


will be mounted on the upper end of 
the shaft and each shaft provided with 
{wo turbine wheels at the lower end. 
The hight of the power house from the 
foundation to the roof will be 133 feet. 
The quantity of stone which it is neces- 


ing to the wheels, a concrete wall will 
be built from the upper end of the power 
house to a distance of 2800 feet up- 
stream, at which point it will curve in 
to a junction with the shore. This wall 
will contain a large number of openings 
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beneath the water level to allow the water 
to flow freely to the forebay and thence 
to the wheels, but it will shunt all ice, 
logs, etc., around through the spillway, 
and thus practically eliminate all inter- 
ruptions to the service. 

The method of construction involves 
the use of the dam itself as a base for 
the tracks employed for transporting ma- 
terial. Three tracks are built out from 
the abutment on the Illinois side. As 
these tracks can be extended only as 
far as the concrete has hardened it was 
necessary to use some other means for 
conveying the material from this point 
to where the new concrete was to be de- 
posited in the forms. This is done by 
means of the two large dam travelers, 
shown in the illustrations. These are 
massive steel cranes provided with three 
trolley tracks extending 210 feet out over 
the dam from the point where they rest 
upon the hardened concrete. Each of 
these runways is equipped with a trolley, 
tackle and carriers operated at high 
speed by two reversible engines located 
at the rear end. These engines are op- 
erated with compressed air and are under 
the control of one man. 

The travelers are mounted upon six 
heavy cast-steel track wheels running 
upon a_ specially . designed 100-pound 
rail track laid on I-beams firmly em- 
bedded in the concrete forming the dam. 
The concrete to be deposited in the forms 
is run out onto the dam by trains carry- 
ing a large number of buckets, each 
holding 1% cubic yards. At the rear 
end of the travelers these buckets are 
picked up by the trolley tackle and 
rapidly conveyed to the end of the track 
which overhangs the steel forms to be 
filled. These buckets, which can be 
dumped at any point of travel, are con- 
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veyed by endless lines running over 
spool-drum rigs, each being operated by 
a separate reversible engine. The hoist- 
ing and lowering operations are accom- 
plished by means of single-running block 
rigs operated by a more powerful en- 
gine. . As the work progresses the rails 
are extended on the hardened concrete 
and the travelers moved forward. The 
forward posts of the travelers are 65 
feet high, and the entire weight of each 
machine is 175 tons, including all neces- 
sary equipment. 

A large amount of cofferdam work is 
necessary to unwater the river bed on 
which the foundations are being built. 
On the Iowa side, where the founda- 
tions are being installed for the power 
house and locks, it was necessary to 
unwater 33 acres of river bed. The cof- 
ferdams are composed of a large num- 
ber of timber cribs 24 feet long and 16 
feet wide. They are filled with stone 
and sunk to the river bed at intervals of 
12 feet around the entire space that is 
to be unwatered. When the cribs have 
been placed the space between each is 
closed by lowering square timber stop- 
logs, after which the entire outside sur- 
face is sheathed with a layer of planks 
against which earth is deposited, the 
earth filling the small cracks between 
the planks and making the cofferdam 
water tight. A layer of riprap over the 
earth prevents it from being washed 
away. After the cofferdam is completed 
the space inclosed is pumped out by 
large centrifugal pumps which throw out 
the water at the rate of 10,000 gallons 
per minute. The average hight of the 
water outside the cofferdam is about 10 
feet. 

A vast amount of cofferdam work: is 
necessary on the project, and there has 
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probably never been a more efficient one 
built than that which surrounds the 
space on which the foundations for the 
power house and lock are being con- 
structed. 

In building the foundation for the 
main dam the river bed along the line 
of the dam will be unwatered in sec- 
tions by cofferdams 400 feet long and 
wide enough to allow blasting out the 
foundation. After completing a section 
of the dam, another section of the same 
length will be built ahead, pumped out, 
and completed in the same manner. As 
the different sections are completed the 
flood-gate openings will allow the water 
to flow freely through the completed por- 
tion of the dam. After the entire dam 
is finished these flood gates will be 
closed, and the water will rise to the 
full hight of the dam. 

No part of the work is being done 
by contract, the men being employed di- 
rectly by the chief engineer. All of the 
machinery used in the construction work 
was designed by the engineering depart-. 
ment of the company under the chief 
engineer’s supervision. 

It is estimated that the initial installa- 
tion of 120,000 electrical “horsepower 
will be available for distribution by July, 
1913. Of this amount, 60,000 horsepower 
has been contracted for by the St. Louis 
Public Utilities under a 99-year con- 
tract; the remaining 60,000 horsepower 
is to be sold in the cities near the plant. 
The head of water will vary from 31 
to 39 feet at the different stages of river 
flow. The maximum amount of power 
that can be developed is estimated at 
220,000 horsepower, and the company 
will install additional generating units 
as the demand for power increases in 
the surrounding cities and towns. 


Two New Types of Dynamometer’ 


It is the author’s intention to confine 
himself to describing two types of trans- 
mission dynamometers constructed by 
his own firm. One type, the torsion 
dynamometer, is designed for measuring 
the power transmitted to or from high- 
speed machines, such as_ centrifugal 
pumps, fans, turbo-compressors, steam 
turbines, dynamos, etc., where the torque 
is fairly constant and therefore need 
not be recorded in a diagram. The other 
type, the hydraulic dynamometer, is in- 
tended to be used for measuring and re- 
cording the energy absorbed by slow- 
running machines of variable resistance, 


such as machine tools, plunger pumps 
and the like. 


TorsION DYNAMOMETER 


Fig. 1 illustrates the torsion dynamom- 
eter which may be used to couple the 
shaft of the driving engine directly to the 
driven machine. If desired, pulleys may 
be fitted to the ends of the dynamometer 
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One dynamometer utilizes 
a flexible shaft the torque 
of which serves as the index 
to the power transmitted. 
The other uses an arrange- 
ment of tight and loose pul- 


leys; power is transmitted 
through pistons on the loose 


pulley acting on oil in cyl- 


inders on the tight pulley. 


*Abstract of paper read hefore The Insti- 
tution of Mechanical Engineers at Ziirich, 
July, 1911. 
and the power may be transmitted to one 


end by means of a belt and taken off at 


the other end also by a belt. The ends 
of the driving and driven shafts are se- 
curely coupled together by the shaft G. 
This shaft has therefore to transmit the 
entire power from the one machine to 
the other, and consequently it is sub- 
jected to torsion and is twisted. The 
shaft is, of course, so designed that the 
yield point is not exceeded. Thus the 
shaft works as a torsion spring. Provided 
the shaft be perfectly elastic, the angle 
through which the opposite ends are 
turned will be proportional to the twist- 
ing moment; that is, proportional to the 
power transmitted. If the shaft is made 
of a special spring steel of very high 
yield point; that is, above 90,000 pounds 
per square inch, it can be twisted to a 
considerable degree without breakage. ~ 

The various parts attached to the shaft 
G serve partly for indicating its angle 
of twist and partly to prevent it from 
being twisted excessively by being over- 
loaded. For reading the angle of twist, 
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three disks M, N and O are used. The 
disk M is fixed firmly to the end H of 
the shaft; N and O are fixed to the end 
F of the shaft. The disk O is provided 
with a radial slit P. To the disk M a 
transparent rim U made of celluloid is 
fixed on which divisions are cut. Op- 
posite to the slit P a small window has 
been cut out in the disk N and is pro- 
vided with a fine slit T. 

When the eye at Q looks through the 
slit P the slit T will be seen as a streak 
of light and the divisions will show black 
on the scale U. The slit T serves as a 
pointer for indicating the relative motion 
of the two disks N and O as compared 
to the disk M. The line of vision is per- 
fectly defined by the two slits P and T; 
parallax is therefore impossible when 
reading the scale and the observation 
is therefore independent of the distance 
between the scale U and the slit T. 

When the apparatus is stationary it 
will be clear that, if the shaft is twisted, 
the angle of twist will be shown by the 
movement of the pointer T over the 
divisions on U. But this pointer and 
divisions will also be visible when the 
instrument is running; in fact, they will 
be clearer and more defined than when 
the instrument is at rest, for while it is 
necessary to place the eye close to the 
slit P when the instrument is at rest to 
see the pointer and the scale, it is pos- 
sible when the instrument is in motion 
to read the scale at some distance from 
the slit P. The greater this distance is, 
the more the scale will appear to be en- 
larged; this enlargement, it should be 
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of impressions is given to the eye in 
rapid succession, namely, once during 
each revolution of the disk, the eye ap- 
pears to receive a continuous stationary 
image of the pointer. Should the ma- 
chine work at a speed below 250 revolu- 
tions per minute these images are not 
continuous, and the reading of the divis- 
ions becomes cumbersome, although still 
possible. 

To obtain a permanent impression on 


La 


Fic. 1. Torsion DYNAMOMETER 


the eye, the ccale must be subjected 
to a strong light. The short period of 
observation must be strengthened by the 
intensity of the light, since a fixed mini- 
mum amount of light energy, that is, 
intensity multiplied by duration, is re- 
quired to affect the optic nerve. A 50- 
candlepower lamp with a ground-glass 
globe suffices for illuminating the scale 
and should be placed as close as pos- 
sible to and behind the disk M. Instead 


noted, is independent of the speed. The 
reason why the scale is still seen when 
the machine is running is due to the fol- 
lowing: The eye looking at the scale 
through the slit P sees the pointer and 
scale once for every revolution, and only 
during the very short time when the 
small slit P is passing before the eye; 
the light impression is therefore in- 
stantaneous. One of these impressions 
would be too small to leave a permanent 
image in the eye, but since a number 
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of looking at the slit P directly it will be 
found better to insert a mirror so that 
the scale can be observed from the side 
as shown in Fig. 1. That the eye be 
not dazzled, the daylight should be 
screened off. The observations can best 
be made in a dark room and only one 
eye should be used, since each eye 
would tend to form a separate image 
which would blur the actual reading. If 
the head is held so that the line con- 
necting the two eyes is parallel to the 


September 5, 1911 


slit P, the two separate images will co- 
incide. The angle of torque thus ob- 
served shows the twist strain in the shaft, 
since the slit P passes the eye at regular 
intervals. Should the power transmitted 
and consequently the twist of the shaft 
vary rapidly, the eye will see different 
parts of the scale in rapid succession 
and the image will become blurred, mak- 
ing it impossible to read the scale ac- 
curately. When high-speed machines are 
used, this disturbance need not be feared, 
while the inertia of the machine itself 
and that of the disks M, N and O of 
the dynamometer will restrain any oscil- 
lations thus formed. If the twist varies 
periodically in synchronism with the ro- 
tation of the shaft, the wave of twist 
variation being repeated, every revolu- 
tion can be followed by the eye by look- 
ing at the scale through the slit at dif- 
ferent points around the dynamometer 
shaft. 

Since the shaft and the other parts 
connected to its extremities have no ten- 
dency to move due to the centrifugal 
force, the readings of the dynamometer 
are independent of the speed. The in- 
strument can therefore be run at any 
desired speed, provided no forces are 
set up greater than can be resisted by 
the material of which the disks are made. 

The instrument is made generally for 
speeds of about 4500 revolutions per 
minute, but some instruments have al- 
ready been made for 7000 and even 8500 
revolutions per minute. The coefficient 
of elasticity of the shaft can be deter- 
mined when at rest by fixing a lever of 


known length at one end and loading 
this with weights. 

The largest instrument at present made 
can measure torques up to 130,200 inch- 
pounds and the smallest up to 694 inch- 
pounds. The instrument suffers from 
but one defect, namely, the air resist- 
ance of the rotating parts. For the time 
being, it need merely be stated that the 
influence of the air is very small, es- 
pecially when the dynamometer is so in- 
serted that the disk M is placed nearest 
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to the machine the power of which is to 
be measured. It is possible, although 
somewhat laborious, to make accurate 
determinations of the influence of the air 
resistance on these’ readings. The 
dynamometers are so constructed that 
they can without any difficulty be placed 
or taken out from between the driving 
and driven machines, and another shaft 
can readily replace the former without 
having to move either of the machines. 


HYDRAULIC DYNAMOMETERS 


The hydraulic dynamometer, which is 
used for measuring and recording the 
power absorbed by machines subjected 
to a variable load, is illustrated in Fig. 
2. The dynamometer is driven from the 
engine by a belt and transmits the power 
by a second belt to the driven machine. 
The driving and driven pulleys D and B 
are placed close together on a common 
shaft. The pulley B is fixed to the shaft 
C, while the pulley D runs loose on the 
shaft without any appreciable friction. 
To the pulley B the two cylinders F are 
fixed, which are connected by means of 
the two tubes G to the center of the hol- 
low shaft C. The pulley D is provided 
with two projections J which press 
against the piston L. The piston works 
without any friction in the cylinder F 
owing to the omission of any packing, 
and the fact that the entire system is 
filled with oil. When the pulley rotates 
in the proper direction, the projection J 
presses back the ‘piston in the cylinder 
F, thus exerting a pressure on the oil. 
This oil pressure is transmitted through 
the hollow shaft C to a fixed tube, the 
end of which fits axially into the shaft 
C and is properly packed by means of 
a stuffing box. The pressure is further 
transmitted to the casing N, to which on 
one side a pressure gage O is fixed and 
to another side the recording apparatus. 
The pressure gage indicates the torque 
with which the pulley B drives the pul- 
ley D, since the latter is proportional to 
the oil pressure. The transmission of 
the oil pressure to the recording ap- 
paratus is quite similar to that of a 
steam-engine indicator; the paper strip is 
rolled up in the hollow drum Q and 
passes under the pencil of the recorder 
and is then rolled up on the drum R. 
The paper strip passes under the pencil 
at a velocity proportional to the speed 
of the shaft C. In order that the num- 
ber of revolutions of the shaft C may be 
checked readily, a small hammer is at- 
tached which gives an audible tap at 
every tenth revolution of the shaft C. 
These taps can readily be timed by 
means of a watch. The area of any 
portion of the diagram represents the 
energy absorbed by the machine, and the 
mean hight, that is, the area divided by 
the length of the diagram, the average 
power transmitted. 

If the resistance of the machine, the 
power absorption of which is to be 
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measured, is very irregular, the pointer 
of the pressure gage will oscillate 
violently and the recorder will draw a 
zigzag line. These oscillations can be 
readily reduced by closing the valve U 
to a greater or lesser degree; by so do- 
ing the opening through which the oil 
enters through the shaft C into the cas- 
ing N can be increased or decreased as 
desired. This dynamometer is not nearly 
as simple and does not indicate the 
power as directly as the torsion dyna- 
mometer; it is consequently less accurate 
and needs watching. On the other hand, 
measurements can be made which are 
impossible to obtain with the torsion 
dynamometer, namely, the power is con- 
tinuously recorded on a strip of paper 
and can be accurately determined, how- 
ever much it may vary. 

The readings given with the hydraulic 
dynamometer are not entirely independ- 
ent of the speed; the centrifugal force 
tends to drive the oil in the tubes out- 
‘ward and to move the piston L axially, 
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dle position. If the dynamometer is al- 
lowed to run at a low speed, the disturb- 
ing action of the centrifugal force in 
the pistons when no complete compen- 
sation is obtained becomes negligibly 
small. Another reason for keeping the 
speed of the instrument low is on ac- 
count of the centrifugal force causing 
the pistons to rub against the sides of 
the cylinder. The dynamometer illus- 
trated may be used for torques up to 
13,020 inch-pounds. 

The same principle of construction 
can be applied for measuring higher 
powers; the instrument is then simply 
placed in series with the transmission 
shaft, and instead of the pulleys B and 
D, couplings are used. It is, however, 
necessary in this case that one shaft 
should be hollow for its entire length 
so that the hydraulic pressure can be 
measured at the end. 


Growth of Marine Turbine 
The accompanying diagram, showing 


“Turbinia@ 1894 


“King Edward™ 1901 


“The Queen™ 1903 


“Virginian” 1905 
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Atlantic Liner - 20,000 1. Hp. 


according to the position in which the 
pistons are relative to their respective 
cylinders. By means of a suitable ar- 
rangement of the pistons and cylinders 
with regard to the pulley B it is pos- 
sible to compensate these two forces; 
this is only possible, however, for one 
position of the pistons, namely, the mid- 


the growth of the marine turbine from 
its first successful use in the “Turbinia” 
in 1894 to the present, is reproduced 
from a reprint in Engineering. 

The paper was read before the In- 
stitution of Naval Architects by the Hon. 
Charles A. Parsons, of which body the 
author is vice-president. 
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Drying Out a Flooded Sub- 


station 
By A. D. BLAKE 


A submerged motor is not an uncom- 
mon thing in power-plant practice, but 
the spectacle of a substation entirely 
under water is a very unusual one. 

The substation herein discussed is lo- 
cated in a sump (see Fig. 1) some 50 
feet below tide-water and handles the 
drainage from a deep cut covering an 
area of two square blocks; the water 
is pumped up into the sewer through a 
24-inch discharge pipe against a head 


Especially— 
conducted tobe of 
interest and service to 
the men in charge 
of the electrical 
equipment 


the minds of those in charge, and there- 
fore no additional precautions were 
taken. But, as is often the case, the 
unexpected happened. There occurred 


an unusually heavy rain one night, and- 
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Fic. 1. ELEVATION OF APPARATUS BEFORE THE FLOODING 


of. 40 pounds pressure per square inch. 
The equipment consists of three 11,000 
to 550-volt oil-cooled transformers of 
75 kilovolt-amperes each, two 100-horse- 
power three-phase vertical induction 
motors directly connected to centrifugal 
pumps, a high-tension switch structure 
containing duplicate sets of disconnect- 
ing switches, oil switches, series trans- 
formers and relays, and two float- 
operated starters for the motors. 

While the permanent apparatus was 
being installed, the water in the sump 
was handled temporarily by a 4-inch 
centrifugal pump belted to a 20-horse- 
power induction motor and the latter 
was suspended from the ceiling to leave 
more clear space on the floor. This 


temporary pump had kept the water 
down satisfactorily for a number of 
weeks, during which period there had 
been several rains and one thaw. This 
created a certain feeling of security in 


the water began to come in faster than 
the pump could take it out. In spite 
of all the efforts of the operating force, 
by morning the water had risen to with- 
in 2 feet of the ceiling, submerging not 
only the permanent apparatus but the 
temporary motor as well. 

The conditions were rather discourag- 
ing when the writer arrived the next 
morning, especially as the installation 
was about 90 per cent. completed and 
it was now evident that several weeks 
would be required to undo the damage 
that it had taken the rain only a few 
hours to accomplish. 

The first thing to be done, of course, 
was to get the water out. Fortunately, 
there was an air line close at hand, so 
an air pump was obtained and after 
some hours the sump was _ emptied. 
Everything was covered with mud and 
slime, necessitating a washing down with 
clean water. To do this, the trans- 
formers had to be lifted out of their 
cases and thoroughly cleaned, the cases 
washed out and dried and the trans- 
formers replaced. 

The problem now confronted us of 
the quickest and yet most effective 
means of drying out, with the limited 
facilities available. It was finally de- 
cided to use both internal and external 
heat where possible. A medium-size 
cylinder stove was procured and hous- 
ings and flues of sheet iron were con- 
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structed as shown in Figs. 2 and 3. A 
small blower connected to a 2-horse- 
power motor supplied fresh dry air to 
the system while the moist air escaped 
through the hatch at the top of the sump. 
Thus a positive circulation was estab- 
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five minutes, which it withstood without 
any sign of breaking down. 

Curiously enough, several barrels of 
transformer oil were unaffected by the 
flood. These barrels had been opened 
and, consequently, the seals were broken, 


lished, the air being forced into the although the plugs were screwed in 
transformers through the 2-inch oil tightly. 

drains at the bottom of the cases. a ee 
In addition to the use of warmed air, “5: =: 
internal heating of the transformers was 
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Fic. 3. PLAN VIEW OF DRYING ARRANGEMENTS 


accomplished electrically, the connec- 
‘tions being as shown in the diagram, 
Fig. 4. The large transformers were 
connected Y-fashion on the primary side 
to the 400-volt temporary line, with 
their secondary windings short-circuited. 
In series with one of these were con- 
nected three of the small series trans- 
formers with their secondaries also 
short-circuited. A voltmeter and an am- 
meter were connected in the circujt and 
thermometers were inserted between the 
transformer windings. Readings were 
taken every hour and a temperature of 
slightly under 80 degrees Centigrade 
was maintained. This required a primary 
current of 4.2 amperes, which induced 
88 amperes in the secondary windings. 

Owing to the large magnetizing cur- 
rent necessary for the motors and the 
limited capacity of the 400-volt line, it 
was decided to dry the motors by ex- 
ternal heat only. These being of low 
voltage, it was not necessary to take such 
Precautions as in the case of the trans- 
formers. To increase the rate of drying, 
a heater consisting of a few coils of 
No. 12 iron wire was placed in each 
motor housing. 

A reel of cambric-insulated cable was 
in the sump at the time of the flood. 
This was unreeled and hung up in a 
warm room for two weeks, after which 
it was taken down and about 10 feet 
cut from each end and discarded; there 
deing a possibility of the water having 
worked into the ends. The remainder 


vas immersed in water, with the ends 
out, for 12 hours and then subjected 
‘0 a pressure test of 22,000 volts for 


Readings were taken from time to 
time with a portable testing set to de- 
termine the insulation resistance of the 
transformers and motors. These showed 
at the start a “leakage” of 15 volts (on 
a 110-volt circuit) between the primary 
and secondary windings of the trans- 
formers or between either winding and 
the ground, and 90 volts between the 
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the small series transformers, which had 
to be retaped, the high-tension side of 
the equipment withstood 22,000 volts 
for five minutes and was pronounced 
safe for continuous operation at 11,000 
volts. 

The system has been in operation ever 
since without giving the slightest trouble. 


Installing Electric Motors 
By THOMAS H. WATSON 


Too often a motor is situated in an al- 
most inaccessible place, with the result 
that in order to give it the attention it 
should have the motor must be removed. 
In the case of exhaust fans, the motors 
are often placed high up in a skylight, 
and can be reached only by a long exten- 
sion ladder, with no means of support 
while working on it, so that the attend- 
ant can hardly be blamed for neglect- 
ing them. 

Steam traps and electric motors make 
poor companions, but you sometimes find 
them placed side by side. To place a 
motor beside a flue or chimney taking 
the hot gases from furnaces is about as 
bad, but it is also done. Motors driving 
bilge pumps that remove hot drainage 
when placed over the hotwell soon be- 
ceme grounded from the steam condens- 
ing on them and give a lot of commutator 
trouble. 

When putting in motors temporarily 
some kind of follow-up method should 
be used to keep track of the work, and 
notice should be given the person in 
charge of the department in which the 
motor is placed that just so much time 
will be given for trial, after which the 
work will be done permanently and 
charged to that department. Too much 
delay in completing this kind of work 
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motor windings and the ground. After 
drying out for five weeks the trans- 
former readings were brought up to 1700 
megohms and the motors to a point al- 
most as good. 

It was then deemed safe to subject 
the transformers and wiring to a high- 
tension test. This was accordingly done 
by means of a portable testing trans- 
former. With the exception of three of 


leads to a lot of broken-down wiring and 
trouble. 

Where adjustable-speed motors are in- 
stalled care should be taken in placing 
the resistances; they sometimes run very 
hot and might cause a fire. The con- 
troller should be so constructed that the 
sliding shoes come squarely over the sta- 
tionary buttons and leave no possibility 
for poor contact and consequent burning. 
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Frothing of Storage Batteries 
By JOHN S. LEESE 


Owners of internal-combustion en- 
gines fitted with storage-battery ignition 
are not always electricans, and they are 
frequently bothered by the frothing of 
the batteries while they are being re- 
charged. When this takes place the bat- 
tery loses its strength rapidly and its 
voltage drops, whether it is being used 
or not. Chronic frothing is generally 


_due to what is known as sulphating of 
the plates, meaning the production of 


little patches of lead sulphate on the 
plates. The rate at which a cell can 
be charged and discharged without in- 
juring it depends upon the effective 
areas of the plates, and upon the rate 
of the chemical action by which the 
electrical energy of the cell is set up. 
If, then, the area of the plates is dimin- 
ished by lead sulphate and the charg- 
ing current is kept the same, it cannot 
all be used in producing chemical ac- 
tion on the plates, and the excess acts 
upon the electrolyte, which it decom- 
poses and causes to give off oxygen and 
hydrogen, which is called frothing.  , 

The most common cause of sulphat- 
ing is excessively heavy overcharging, 
which causes injurious chemical action 
to take place. The best cure is to give 
the sulphated battery long and frequent 
charges at not more than half the usual 
charging rate, with the addition to the 
electrolyte of a solution of caustic soda 
and water in the proportions of one part 
of caustic soda to five of water. The 
amount of this solution to be added to 
the electrolyte is one-fifth of a drachm 
to one pint of electrolyte. 

Though this is undoubtedly the best 
way of curing sulphated battery plates, 
it is a long process, and operators must 
not be dismayed if there is but little 
improvement to be seen after the first 
one or two recharges. 


Electrocuted by Current at 
250 Volts 


An employee at the Orr Worsted Mill, 
Piqua, O., was instantly killed while 
mopping up the floor in the vicinity of 
the switchboard. His right shoulder 
came in contact with the switch and he 
was unable to move. 

The fireman saw that the current was 
going through the man’s body and im- 
mediately shut off the engine, stopping 
the dynamo. When the current ceased, 
the man toppled to the floor and ex- 
pired after two or three gasps. 

Current at the mills is reported by 
the daily press to be generated at 250 
volts. This is not a high enough voltage 
to ordinarily cause death, but the man 
had hold of a wire-wrapped hose, form- 
ing a good ground, and more than likely 
he was badly burned by the current. 
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Kerosene for Lubricating 
Brushes 


I have read occasionally in the col- 
umns of Power suggestions for using 
kerosene as a lubricant on the com- 
mutator and brushes of dynamos, so I 
tried it. The brushes were soaked in 
the kerosene and, after wiping them well 
with a piece of cloth, were allowed to 
be dry. This gave a good deal of suc- 
cess on a 110-volt dynamo carrying about 
65 amperes. The same treatment was 
accorded to the brushes of another 
dynamo working at 450 volts and carry- 
ing about 400 amperes, but in this case 
it was not a success. On the contrary, 
the brushes became more noisy and 
sparking seemed to increase. An effort 
was made to find out if there was any 
other cause of the poor working, but 
none could be found. To make it. surer, 
the brushes soaked in the kerosene and 
dried were replaced by other carbon 
brushes, which had not been soaked in 
the oil; after a while the sparking ceased 
and the chattering decreased. Both of 
the dynamos were in the same room, 
both were compound-wound machines 
and both had carbon brushes. The 
smaller dynamo is used for-lighting ser- 
vice and the larger one supplies cur- 
rent to motors driving machinery. 

Will someone tell me the cause of this 
apparently paradoxical experience? Is 
it probable that the higher voltage and 
greater current-carrying capacity can 
have anything to do with the difference 
in the results, and if so, where is the 
limit 

MANILAL K. DESAI. 

Ahmedabad, India. 


Grooving Commutator Mica 


We have in our station a 110-horse- 
power direct-current motor, belt-con- 
nected to a 150-kilowatt alternating-cur- 
rent generator. This motor used to give 
a great deal of trouble by sparking at 
the brushes, pitting the commutator and 
burning it black in spots, about the width 
of five or six bars, leaving about that 
many clear in between the black places 
all around the commutator. . 

Not long ago I saw an aarticle in 
Power which described the experience of 
another reader with the same trouble, 
which he had cured by cutting the mica 
down between the bars, so I tried it. I 
made two hooks about like ordinary pack- 
ing hooks but bent over a little more 
at the point so as to make them dig 
into the mica, and tempered them very 
hard. Then with the aid of a straight- 
edge laid alongside the mica to guide 
the hook I found it a very easy job to 
cut the mica down about 1/64 inch. 

This motor is started up at 7 a.m. 
and runs until 11 p.m., and formerly I 
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often had to stop it two or three times 
during this run to sandpaper the com- 
mutator, but since cutting down the mica 
I have had no trouble at all and the 
commutator has taken on a nice choco- 
late color. 


I think this practice is all right for 
high-speed machines, but would not 
recommend it for low-speed machines, 
because the carbén dust and other foreign 
matter that might find lodgment in the 
grooves would not be so readily thrown 
out by centrifugal force at low speeds 
but might stay there and cause a partial 
short-circuit between the commutator 
bars. 

J. R. WAMPLER. 

Staunton, Va. 


Commutator Lubrication 


The practice of using vaseline or com- 
mutator compounds to lubricate commu- 
tators, collector rings and brushes, so 
generally followed, has given me more 
trouble than the use of a clean cotton 
cloth saturated in gasolene; holding the 
cloth lightly against the collector rings 
or commutator does the work. I do not 
use grease of any kind. The brushes 
are all of carbon on the machines that | 
am running, which are alternators of 
the revolving-field type, running at 3600 
revolutions per minute, and the usual 
direct-current exciter. 

CHARLES MALONE. 

Harlowton, Mont. 


Remedies for the Loosening 
of Squirrel Cage Bars 


It is sometimes found difficult to make 
the bars of a squirrel-cage rotor stay 
fast, if they are soldered to the end 
rings. The solder between the bars and 
the short-circuiting rings either breaks 
loose, due to mechanical stresses, or is 
melted out by heavy secondary currents 
at starting, allowing the bars to fly out 
under the influence of centrifugal force. 
The breakage of solder may be prevent- 
ed by bolting the bars to the end rings 
and thereby relieving the solder of the 
mechanical duty. 


If the starting conditions are un- 
usually severe, trouble from melting 
solder might be prevented by replacing 
the end rings with heavier ones; another 
and easier expedient is to wind over the 
ends of the bars heavy bands of No. 16 
or 18 brass wire, according to the clear- 
ance, one band at each end of the 
rotor, without any insulation under it, 
and solder these bands to the ends of 
the rotor bars. If neither of these rem- 
edies is effective, there is nothing left 
but to relieve the heavy _ starting 
conditions. 


C. J. FUETTERER. 


Thomas, W. Va. 
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A Suggested Solution of the 
Gas Turbine Problem 


By BENJAMIN H. BLAISDELL 


The chief and seemingly insurmount- 
able obstacle that has prevented the 


realization of success in the development . 


of a practical gas turbine is the inability 
of constructive materials to withstand the 
high temperature of the working fluid 
without some means of cooling either 
the products of combustion before they 
enter the turbine or the parts of the tur- 
bine subject to contact with the hot 
gases, at the same time not materially 
reducing the heat available for con- 
version into useful work. The blades or 
vanes of a turbine become so _inter- 
mingled, as it were, with the working 
fluid that water jacketing, to be effective 
in preventing their destruction, must ab- 


Everything 
worth while in the gas 
engine and producer 

industry will be treated 
here in a way that can 

be of use to practi- 
cal men 


in which the gases are expanded to the 
pressure of the atmosphere before im- 
pinging on the buckets; still the tempera- 
ture of the issuing gas is too great for 


.the turbine parts to withstand it. 


The restriction, thus far, of the gas 
turbine to the constant-pressure cycle is 
another hindrance to high thermal effi- 
ciency for the same reasons that this 
cycle in reciprocating gas-engine prac- 
tice has been proved to be of less prac- 
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In the modern gas engine this heat 
loss is considerably diminished, since 
the events of compression and expan- 
sion occur in the same cylinder, giving 
little time for the heat of compression 
to become dissipated before it can be 
utilized during the working stroke. 

It is the purpose of this article to 
describe a method or cycle which would 
seem to overcome the difficulties men- 
tioned and make the gas turbine a prac- 
tical success not only from a mechanical 
standpoint but in its efficiency of heat 
conversion. 

The heat-absorbing or conducting 
power of materials is not instantaneous; 
they will not assume the temperature 
corresponding to a surrounding medium 
without an appreciable lapse of time. 

If a piece of iron were held momen- 
tarily in a flame of, say, 3000 degrees 
and then plunged into a medium of a 


Mr. BLAISDELL’S PROPOSED COMBUSTION CHAMBER FOR A GAS TURBINE 


Sorb the greater part of the heat of com- 
bustion, the turbine thereby becoming 
a more efficient hot-water or steam-mak- 
ing machine than a machine for develop- 
ing mechanical power. 

If, on the other hand, steam or water 
or both simultaneously be injected into 
the hot gases before admission to the 
turbine, the ratio of water vapor to gas 
would necessarily be so great, in order 
to reduce the temperature to a safe de- 
gree, as to practically change the work- 
ing fluid to the characteristics of super- 
heated steam with its comparatively low 
heat range and high latent heat losses 
in the exhaust aggravated by the im- 
Practicability of condensing. 

Divergent nozzles have been employed 


tical efficiency than the constant-volume 
cycle employed in all modern gas en- 
gines. In the constant-pressure cycle 
not only much higher initial compres- 
sion is required to obtain a given mean 
effective pressure but the operation of 
compressing the gases must be accom- 
plished in a separate cylinder or ma- 
chine from that in which the power is 
generated, requiring the handling of 
gaseous fluids in comparatively large 
compressors. This cannot be done effi- 
ciently by present methods on account 
of the loss to the jacket water of much 
of the heat generated by the compres- 
sion of the gases and loss by radiation 
before the heat can be converted into 
power. 


much lower temperature, say, steam at 
390 or 400 degrees, this performance 
could be repeated indefinitely without 
a destructive rise in the temperature of 
the iron. It is just this principle which 
it is proposed to apply in the operation 
of a turbine to prevent the hot gases 
from raising the temperature of the in- 
terior parts above the safe limit. 

The products of combustion will enter 
and pass through the turbine during the 
period of one explosion and expansion 
unmixed with any cooling fluid to lower 
the thermal efficiency, then will follow 
a period of steam admission at high pres- 
sure and in a moist state for the pur- 
pose primarily of lowering the slight heat 
rise due to the previous passage of the 
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hot gases; incidentally it will augment 
by its expansion the power output of 
the machine. These two events will fol- 
low each other continuously and no water 
jacketing of the turbine will be required; 
in fact, the turbine may be covered with 
heat-insulating material, thereby eliminat- 
ing entirely the present heat loss to the 
cooling water which is unavoidable in all 
gas engines. 

To generate the steam for cooling it is 
proposed to utilize what in present prac- 
tice is waste heat. If the exhaust gases 
be passed through a properly designed 
boiler, steam may be generated at a pres- 
sure of 200 pounds for passage through 
the combustion chamber and turbine, 


thereby reducing the temperature of the 


exhaust to 500 degrees Fahrenheit, or 
even less, provided the water vapor in 
the exhaust is maintained in a super- 
heated state to prevent the formation of 
sulphuric acid which might endanger the 
metal of the boiler. 

Furthermore, the heat of compression 
of the gases can be utilized by passing 
the boiler-feed water through the com- 
pressor jackets and coolers. The com- 
bustion chamber may or may not be 
water jacketed. For the best thermal 
efficiency it would be better to insulate 
the combustion chamber and depend on 
the steam for preventing a serious tem- 
perature rise. Any degree of cooling may 
be obtained by supersaturating the steam 
to a greater or less degree. 

It is proposed to employ a combustion 
chamber which completely fills with the 
combustible mixture before ignition, and 
when combustion occurs it is so rapid 
as to be practically an explosion, the 
maximum pressure reached depending 
on the degree of compression and the 
heat value of the mixture used. 

The combustion chamber which I pro- 
pose to use will be elongated in shape 
and will be directly connected to the 
inlet of the turbine. The igniter will be 
located at the extreme end nearest the 
turbine and the admission valves for air, 
fuel and scavenging steam will be ar- 
ranged in a chest at the other end of 
the chamber. All the valves will open 
and close automatically at the proper 
instants in the cycle by the fluid pres- 
sures employed and not by valve-gear 
mechanism. By this automatic opera- 
tion the minimum pressure at the tur- 
bine inlet or nozzle will be practically 
that of the fuel and air supply, and the 
ignition cannot take place until the 
chamber is completely full of combus- 
tible mixture. The admission valves close 
at the instant of explosion, and steam 
is admitted alone during the period 
succeeding the explosion and previous 
to a fresh charge of air and fuel. It 
would be impossible to perform this 
cycle with equal results by valves or 
ports operated or controlled by mechan- 
ism driven from the turbine shaft. 

The construction and operation of the 
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apparatus will be clearer by reference 
to the accompanying longitudinal and 
cross-sections of the combustion cham- 
ber, where A is the admission valve for 
fuel; B, the air inlet valve; E, the main 
valve and F an auxiliary valve for ad- 
mitting steam to the chamber from the 
pipe J which connects with the boiler 
operated on waste heat. At / is a water- 
inlet spray with a valve K for regulat- 
ing the supply to give the steam the 
supersaturation desired for cooling; C is 
a “continuous” igniter which may be an 
electric hot wire, hot tube or a bunsen 
flame, and T is the inlet nozzle of the tur- 
bine. A small pipe H equalizes the air 
pressure back of the auxiliary steam 
valve F with the supply pressure; G is a 
spiral baffle provided to give the gas and 
air a rotary motion in their passage 
through the combustion chamber and 
thereby insure their thorough mixture. 
Small stems S are secured to the various 
valves and project outward through 
stuffing boxes for indicating the opening 
and closing of the valves. 

The operation is expected to be as 
follows: Air and fuel enter the combus- 
tion chamber through their respective 
valves in proportions regulated to form 
the most effective mixture and when 
the volume admitted is just sufficient to 
reach the igniter, the mixture is exploded 
and the rapid rise in pressure instantly 
closes the inwardly opening admission 
valve, making the path through the tur- 
bine the only exit for the products of 
combustion. 

When the pressure due to the explo- 


‘sion is reduced by expansion to prac- 


tically that of the steam supply, the main 
steam valve opens, allowing the steam 
in a supersaturated state to enter the 
chamber, driving out the remaining burnt 
gases and in its passage through the 
turbine, cooling it and generating power. 

The auxiliary valve is so balanced that 
when the air pressure back of the pis- 
ton is equal to the steam pressure be- 
tween the two disks, it closes; in fact, 
the steam flow assists in its closure, thus 
assuring the discontinuance of steam 
admission before the opening of the air 
and fuel valves again. This completes 
one ‘cycle and the performance is auto- 
matically repeated as long as the condi- 
tions necessary for its operation con- 
tinue. 

The proper proportioning of the mix- 


ture may be obtained by carrying the air’ 


pressure a certain degree higher than 
that of the fuel gas. This excess pres- 
sure of the air would further be bene- 
ficial to the operations in the combus- 
tion chamber by causing the air valve to 
open a trifle earlier and close a trifle 
later than the gas valve, thereby admit- 
ting a small quantity of air to act as a 
buffer between the combustible charge 
and the scavenging steam. 

In order to use liquid fuel a vaporizer 
or carbureter would be connected be- 
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tween the air-supply main and the air- 
inlet valve, dispensing with the inde- 
pendent fuel valve shown in the draw- 
ing. 

The advantages contributing to high 
efficiency which a turbine operated as 
just described would have over that of 
the present type of reciprocating gas 
engine are manifold. 

The air and gas being compressed 
prior to admission to the combustion 
chamber, their temperature can be re- 
duced by means of water jackets, making 
the fluid denser for a given volume and 
pressure, thereby yielding a higher max- 
imum pressure of explosion with a given 
maximum temperature. 

The cooler mixture would make it 
possible to use a higher compression 
and a greater percentage of hydrogen in 
the gas without the danger of preigni- 
tion. 

The heat absorbed by the water in 
compressor jackets can be utilized by 
feeding this water to the waste-heat 
boiler. 

There being no rubbing surfaces in 
contact with hot gases, the interior parts 
of the turbine can attain safely a higher 
temperature. 

The maximum pressure of combus- 
tion can be obtained without the neces- 
sity of water jacketing, resulting in a 
less rapid fall during expansion and 
consequently a higher mean effective 
pressure. 

The ‘scavenging steam will recover 
much of the heat delivered by the hot 
gases to the turbine walls and convert 
it into power in the later turbine stages. 

The working fluid flowing always in 
the one direction through a smooth com- 
bustion chamber insures a complete 
scavenging of the chamber prior to ad- 
mitting a fresh charge of air and fuel. 

Expansion can be carried to at- 
mospheric pressure, which is not prac- 
tical in a reciprocating engine. 

A large part of the heat now wasted 
in the exhaust gases and cylinder jackets . 
is utilized in the machine itself. 

The slightly erosive action of the 
supersaturated steam will prevent the 
nozzles and buckets from becoming 
coated with carbon or scale. 

With all these advantageous conditions 
favoring the turbine unit we might ex- 
pect the heat balance as compared with 
that of the gas engine to be about as 
stated in the following table: 

Gas Gas 
Turbine Engine 


Percentage of the total heat of 
the fuel gas lost in the ex- 
haust gases.......... 

Percentage lost in radiation 2 
and cooling water.......... 8 25 

Percentage lost internally, in- 
cluding mechanical friction 
and inefficiency of compres- 
sion, transmission, combus- 
tion and expulsion of the 2 


50 


Percentage converted into 
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Recollections of a Boiler 
Inspector 


It appears remarkable in this day of 
high-class engineering papers, by means 
of which even the most isolated man 
has access to a higher knowledge of 
engineering, that one finds so many 
ignorant engineers. Following are re- 
lated a few instances that have come 
under my observation, which illustrate 
the criminal carelessness and ignorance 
of men having charge of steam boilers: 

Within the past 18 months I have 
found five boilers that were offered for 
insurance, which had stop valves be- 
tween the boiler and the safety valves, 
and in only one of these cases did any- 
one appear to realize that anything was 
wrong. The engineer said that he knew 
the stop valve should not be in such a 
place, but had not had the time to make 
the change. In each case, when the 
seriousness of the conditions were 
pointed out, a change was made without 
delay. In one instance the manager, 
when advised of the dangerous arrange- 
‘ment, gave orders for an immediate shut- 
down and the boilers were not operated 
again until ‘the valve had been removed. 

In another plant I found a 60-inch by 
14-foot horizontal return-tubular boiler 
being operated without a safety valve at 
all. This boiler was located just out of 
the city limits, and the negro fireman 
lived with his family in the factory yard, 
not more than 50 yards from the boiler 
house. He would go out about 4 o’clock 
a.m. and fire up, and leave the boiler 
until after breakfast, but he said that 
he never found more than 110 pounds 
of steam showing in the gage when he 
returned. 

A new 54-inch return-tubular boiler 
had been set up. In shipping the boiler 
from the shop the steam gage was lost 
and the negro fireman went over to a 
neighboring gin house, found an old 
steam gage and proceeded to put it on 
his boiler and then fired up. The boiler 
was equipped with a ball and lever safety 
valve. When the steam gage showed 
60 pounds the safety valve blew. This 
did not suit the fireman, as he claimed 
it was necessary to have a steam pres- 
sure of 80 pounds to operate the engine. 
He, therefore, removed the lever and tak- 
ing it to a forge had 12 inches ad- 
ditional length welded to it and then 
moved the weight out to the end of the 
lever. He fired up and when the needle 
On the steam gage registered 60 pounds 


Practical 
information from the 
man on the job. A letter 
good enough to print 
here will be paid for> 
Ideas, not mere words 
wanted 


the safety valve blew again. 
made another visit to the gin plant, got 
the weight belonging to the old boiler- 
safety valve and hung it on the lever in 
addition to the weight already in place. 
The next thing that happened was that 
the boiler exploded and came to rest 
about 900 feet from its starting point in 
the middle of a public road. The fire- 
man, his helper and one other employee 
were instantly killed. The old steam 
gage was found and I managed to get 
hold of it, and upon testing it I found 
that the needle would go to the 60-pound 
mark and hang there, although I ran 
the pressure up to the limit of 300 
pounds on my gage. This old gage had 
become rusted and foul and was abso- 
lutely worthless. 
W. E. Norster. 
Shreveport, La. 


Improper Piping 
The accompanying sketch shows how 
an accident happened when cutting in a 
new battery of boilers. Three boilers 
were in service, and as the requirements 
of the plant demanded additional steam 


___Old Battery 
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He then 


sequence, when the two boilers were 
cut in on the old steam line the con- 
nection A was broken loose by the work- 
ing of the pipe B, notwithstanding the 
expansion joint. 
EpWARD T. BINNs. 

Philadelphia, Penn. 


Crude Repair Job 


One of the most unworkmanlike re- 
pairs on a steam engine I have ever wit- 
nessed was perpetrated in one of the 
largest power houses on the Pacific coast 
a few months ago. 

I was an operating engineer in the 
plant, and the so called repairs were 
made under the direction of the operating 
chief engineer, who had never had a 
day’s practical training in his life. 

In one portion of the power house 
were two horizontal, tandem-compound, 
surface-condensing engines, each having, 
cylinders of 18 and 26x16 inches. Steam 
was used at a pressure of 180 pounds per 
square inch. Each engine was direct 
connected to two generators, each of 200 
amperes capacity, the generators being on 
either side of the single crank. 

It is usual to run these engines 24 
hours per day and seven days a week 
except when the main plant is in opera- 
tion, which supplies power to the ma- 
chines in the manufacturing plant, there- 
fore, one engine is always running. They 
are changed over on alternate days. Im- 
mediately the main plant is closed down, 
during meal hours or at night, both en- 
gines are required to be in operation to 
carry the lighting load. 


New Battery 
He 


| 
Expansion Joint | 


To ngine 
A CASE OF 


two new boilers were installed in an ad- 
joining shed as there was no room in 
the old plant. As the steam line was of 
considerable length an expansion joint 
was inserted. It was so arranged as to 
move parallel with the steam main, caus- 
ing a strain at the joint A. As a con- 


Poor PIPING 


Closing down the main plant at noon 
one day, the second engine had just taken 
the load, when suddenly a severe knock- 
ing occurred in one of the engines at 
every revolution. An examination showed 
that some small pieces from a broken 
piston ring had come between the high- 
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pressure piston and the cylinder cover. 
As the clearance was small the cylinder 
head was cracked and the piston rod was 
very much bent. ; 

On closer inspection it was ‘found that 
the engine must have been out of line, as 
a shoulder had worn on the bottom half 
of the outer end of the high-pressure cyl- 
inder, and a similar shoulder on the top 
half at the inner end; the neck bush was 
also badly worn. The same state of af- 
fairs was found in the low-pressure cyl- 
inder, except that the shoulders were 
worn on opposite sides halfway around 
at the outer and inner ends. These 
shoulders were from 3% to % inch high 
at the worst places, and tapered to noth- 
ing in the cylinder walls. 

After an inspection of the cylinders 
the operating chief gave instructions to 
get pneumatic hand tools, and affixing 
rough 8-inch diameter emery wheels on 
their shafts, he proceeded to grind off the 
shoulders on the cylinder walls, and af- 
terward smoothed them down with No. 0 
emery cloth. It was suggested that he 
put a line through the cylinders to find 
out how much they were out of line, and 
then rebore them true. He stated that the 
engine had been lined up a year before, 
and that he would prevent further wear 
on the shoulders by increasing the width 
of the piston rings. 

- Accordingly, the recesses for the rings 
were turned out, and increased % inch 
in width in each case, new rings were fit- 
ted to the pistons, new rod and neck 
bushes were put in, and the engine again 
assembled without lining up the cylinders. 

When started up the engine pounded 
badly. Numerous alterations of the valve 
were made, but without silencing the 
noise, and recently I heard that the en- 
gine is permanently out of commission 
and that the operating chief has been 
superseded. 


Seattle, Wash. JOHN CREEN. 


Repairing a Steel Stack 


Some seven or eight years ago a 46- 
foot steel extension, 40 inches in diam- 
eter, was added to a square-brick chim- 
ney which was 72 inches high and 4 
feet square, internal dimensions. The 
stack was unlined and was made with 
lapped joints, as shown in the illustra- 
tion. Each full section was made of 
two pieces of rolled sheet steel varying 
in thickness from about 3% inch at the 
bottom to i; inch at the top. 

Some time during the Sunday. shut- 
down the section A dropped down through 
the steel extension, through the brick 
stack and landed at the base of the 
chimney, without doing further damage. 
The sheet was removed through a large 
door in the base of the chimney. The 
local boilermaker who had made the 
stack advised taking the stack down and 
putting up a new one, and a local con- 
tractor offered to build a staging about 


POWER 


the stack and to replace the sheet for 
about $300. 
Finally, a former sailor volunteered 
to carry out the work as follows: A 
%4-inch single-snatch block was put 
around the three guy wires and the rope 
and tackle were pulled up, on the guy 
wires to the top, as shown. The more 
times the rope was wrapped around the 
guy wires the easier it traveled. 
Before the single-snatch block and 
rope were up out of easy reach, a %4- 
inch double-snatch block was hooked 
over one section, as shown at B, and 
traveled up the guy wires with the sin- 
gle-snatch block ropes E. When the 
ropes and tackle had reached the point 
C the tag end of the single-snatch block 
was secured. The chair D was then 
hooked to the lower end of the snatch 
block B. The sailor then took a pole, 
hooked the snatch block F into the ring 
and was hoisted in the chair to the point 
C, when he hooked the reach pole over 
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stack was given one coat of asphaltum 
paint. A small snatch block was left 
at the top of the stack through which a 
No. 10 weatherproof-covered wire was 
passed and attached to the roof below. 
With the small snatch block a reach 
pole carrying a '%-inch double-snatch 
block might at any time be raised and 
hooked over the top of the stack. 

A small snatch block should always 
be left at the top of steel stacks or a 
ladder attached to the stack for con- 
venience in painting or repairing. A 
steel stack should be repainted about 
every two years. 

ROBERT E. NEWCOMB. 

Holyoke, Mass. 


Loose Crank Pin 


Some’ time ago I had a loose crank 
pin, the actions of which I have not yet 
been able to understand. The pin was 
on a 16x36-inch engine, running over at 


METHOD EMPLOYED IN REPAIRING DAMAGED STACK 


the top of the stack. He was then low- 
ered and again mounting a chair, sim- 
ilar to the first, attached to the lower 
end of the snatch block F, he hoisted 
himself to a hight where an examination 
could be made of the sections adjacent 
to the section which had dropped out. 
Suitable measurements were taken and 
then three %x1l-inch bars of iron, 5 feet 
long, were bolted on the section which 
had dropped out. This was rolled and 
straightened out .and bolted in place, 
leaving the bars in for extra strength. 
It was found that the stack was hardly 
sprung and there. was no difficulty in re- 
placing the original section. The acci- 
dent was caused by an imperfect heading 
of the rivets. 

While the tackle was in place the 


100 revolutions per minute and was oiled 
by means of a centrifugal oiler. This pin 
apparently turned in the disk and screwed 
the centrifugal oiler out of the pin. | 
screwed the centrifugal oiler back into 
the pin and set the check nut up tight, 
but in a few minutes it came out again. 
This was repeated two or three times and 
I was forced to put in a new pin, forcing 
it in with a screw press after boring out 
the hole in the disk. I fail to under- 
stand why the oiler was screwed out of 
the pin. If the crank pin turned in the 
disk it must have been stationary in 
the crank-pin brasses and this would 
have caused the pin to rotate in the 
disk toward the left or in a direction to 
unscrew a right-hand thread. The cen- 
trifugal oiler may be likened to another 
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crank on the other end of the pin and 
if the pin unscrewed from the disk it 
should screw onto the oiler at the other 
end of the pin. This oiler was of the 
common size with a ™%-inch right-hand 
pipe thread. 

Who has an explanation? 

L, A. FiTTs. 
Fitchburg, Mass. 


Vise Clamps 


In the accompanying illustrations are 
shown several designs of vise clamps. 
At A is shown a lead clamp made out of 
a piece of sheet lead folded to the de- 
sired thickness, and bent, as shown by 
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block Z is used with the ring in the 
vise jaws. 

A method of holding short screws or 
screw-head bolts without injury is shown 
at G. 

James E. NOBLE. 

Toronto, Can. 


Engine Runs with Steam 
Valves Closed 


I have a 16x32-inch Atlas Corliss en- 
gine which will run at slow speed when 
both admission valves are closed. I have 
just had the valve seats rebored, new 
valves fitted and set with the aid of an 
indicator, and it runs faster now with 


Crosshead Pins 


I have long contended. that the cross- 
head pin of a steam engine should be 
made larger than most engine builders 
make them. 

The friction might be a little greater, 
but wear which creates a knock and 
necessitates frequent adjusting would not 
be so great if there were more surface 
over which to distribute the wear. 

The crosshead pin would not be too 
large if made the same size as the crank 
pin, although I have seen crank pins on 
side-crank engines that were smaller than 
the crosshead pin should have been. 

LLoyp V. BEETs. 

Nashville, Tenn. 
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Types OF VISE CLAMPS 


the dotted lines, to conform to the shape 
of the vise jaws. 

An iron clamp, shown at B, is used 
to hold iron pipes or bars in a bench 
vise. The designs of both side and top 
clamp are illustrated. 

Wooden clamps of this description 
are valuable for holding a light tube. 
If the tube is lacquered it should be 
protected by wrapping a piece of cloth 
or felt around it before inserting it in 
the wood clamp. 

What might be called a spring clamp 
is shown at C, and is generally used for 
holding screws, tubes, etc.; the clamp 
should be made of copper so that the 
threads of the bolts, etc., will not be 
damaged. A spring X is attached to 
the clamp, but a bench vise is neces- 
Sary to obtain a suitable holding grip. 

The clamp shown at D is generally 
made of copper, the vise jaws gripping 
It at Y. 

A pair of hardwood clamps are 
shown at E, the face of each of which 
has a piece of felt attached, over which 
a covering of soft leather is fastened 
by means of screws or nails to the wood. 
They are used in holding delicate metal 
work requiring only moderate pressure. 
_ A method of holding a piston ring 
in a vise is shown at F. The wooden 


the admission valves closed than it did 
before reboring. 

I know of a 20x36-inch engine of the 
same type and make that does the same 
trick, although it has only been run six 
months. Perhaps the valves are not set 


Graduating a Safety Valve 
Lever 


My experience has been that but very 
few lever-safety valves are correctly 
graduated. 

The illustration shows a 3-inch safety 
valve on a framework and a platform 
scale. First, I remove the cover from 
the valve body and bolt the cover A to 
the timbers B and C. The hight of the 
valve D is so adjusted that the lever E 
will be in a perfectly horizontal position. 
Then the weight F is placed at the 100 
notch. The diameter of the valve being 
3 inches, its area would be 
3 x 3 & 0.7854 = 7.0686 square inches. 

The total steam pressure necessary to 
raise the valve when the weight F is at 
the 100-pound notch is 
7.0686 « 100 = 706.86 = 707 pounds. 

If the scale balances when set at 707 
pounds, the lever has been graduated 
correctly. If it does not balance at this 
point, shift the weight slightly to the 
right or left until the scale does balance. 
Mark this point on the lever and it will 
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right or the engine is defective. No mat- 
ter how we set the admission valves the 
engine acts the same. 

I would like to hear from other en- 
gineers having charge of this make of 
engine. 

O. LANTz. 

Archbold, O. 


be the correct 100-pound notch. 

In the same manner test the gradua- 
tions of the other points on the lever 
with the scale, being careful to mark 
each point correctly. Of course, it is 
necessary that the scale be in good con- 
dition and properly balanced. 

Salem, Va. E. L. Morris. 


371 
Ve 
J 
} 
| 
th 
4 
, 
F 
| 
} 
— { 
Power 
7 
| 
i 
q } 4 
at 


i 


372 


POWER 


September 5, 1911 


Questions Before the 


jouse 


Available Heat to Steam 
Boilers 


I have read with interest the editorial 
in the July 18 issue upon Mr. Morley’s 
treatment of the available heat to steam 
boilers. Mr. Morley shows clearly that 
some of the heat is absorbed by the mois- 
ture in the coal and is lost, this moisture 
passing into the flue as highly super- 
heated steam. He suggests that the heat 
necessary to evaporate and superheat this 
moisture should be deducted from the 
heat value of the dry coal, to obtain the 
heat available to evaporate the water. 
While his observations as to moisture in 
coal are true, yet there appear to be a 
number of objections to his proposed 
change in the method of computing the 
efficiency of the boiler. 

Moisture in coal, like ash, is an inert, 
noncombustible substance. Both the ash 
and the moisture absorb heat and carry 
it, the one into the ashpit, the other into 
the stack. If the heat lost by the mois- 
ture is to be deducted from the available 
heat, then, to be consistent, the heat lost 
by the discharge of hot ashes from the 
furnace should likewise be deducted. 

The difference indicated between the 
two methods of computing boiler effi- 
ciency is small. While it is true that 
the moisture content of coal may vary 
considerably from time to time, especially 
with coal stored in the open, the differ- 
ence in efficiency that may be produced 
by other conditions, such as altering the 
proportion of air to fuel, may greatly ex- 
ceed that due to moisture. 

_In a series of six tests made by stu- 

dents under the direction of the writer 
during last spring, and extending over a 
period of more than two months, the 
moisture in the coal was found to vary 
between 8.4 and 12 per cent. The same 
kind of coal was used, and it was stored 
under shelter. This does not indicate 
that a very large variation in moisture is 
to be anticipated when using coal from 
the same source. Furthermore, a com- 
plete report of a boiler trial includes a 
proximate analysis of the coal, so that 
in comparing boiler performances, any 
marked change in the composition of the 
fuel may be noted. 

A certain amount of heat is inevitably 
lest through the discharge of hot gases 
to the stack. Even if these gases were 
cooled to the temperature of the steam 
before leaving the heating surfaces, 
their temperature would still be far above 
that of the air in the fire room. It is not 
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the fault of the boiler that this heat is 
thus unavoidably lost, yet no one would 
think of estimating its amount and de- 
ducting it from the heat in the fuel to get 
the heat available for evaporating water. 
A. ScoTT. 
Columbia, Mo. 


Turbine Accident at Riverton 


I was much interested in the account of 
the turbine wreck at the power plant of 
the Illinois Traction Company, at River- 
ton, which was published in the August 8 
issue. 

While the cause of the accident prob- 
ably never will be known, a few conjec- 
tures on the probable cause may not be 
amiss, as that is as near as it is possible 
te get to the facts. According to the 
report, the machine was supposed to be 
running at about half speed, and, if such 
was the case, the wreck was evidently 
due to other causes than overspeed, yet 
it may have been a case of overspeed 
after all. If the repairs that were made 
consisted of only an overhauling of the 
bearings, governor, and an internal in- 
spection of the steam end, no change 
could possibly have been made that would 
have thrown the machine enough out of 
balance to wreck it. It is a fact that if 
cne of this type of machine is shut down 
and allowed to cool off until quite cold 
and then started up in a hurry, it will 
vibrate very badly. I have had the pleas- 
ure of overhauling a few of these ma- 
chines, and have had this same vibration 
occur. I always found it due to the fact 
that too much load is thrown on the ma- 


chine at once, and that one side of the’ 


machine heated up faster than the other, 
and put an extra side strain on the shaft. 
The only thing I ever did in such a case 
was to throw the load off and run the 
machine empty for an hour or so, letting 
it come to a uniform temperature and 
then applied the load gradually and the 
vibration always disappeared. 

In the description of the Riverton 
wreck it was stated that the governor was 


overhauled. Now, it is well known among 
turbine operators that an adjustment of 
about 4 inch on the stem of the pilot 
valve of the hydraulic governor may 
cause one or more valves to stay open, 
and that the machine cannot run fast 
enough to cause the governor to close 
them. If one were watching the valves 
to see them close and saw two or three 
still open, he would naturally think that 
the turbine was not up to full speed. I 
worked about turbines for two years be- 
fore I got on to this pilot-valve stem 
stunt. Only lately I had a turbine trip 
the throttle twice by the emergency de- 
vice. The first time I thought it was the 
fault of the hook that holds the weight 
up, as it had been giving some trouble, 
but when I tried to hook it _up again I 
found that the emergency ring was too 
far out, so I knew it was caused by over- 
speed. I opened the throttle again, and 
before I discovered which valve was 
sticking, the emergency mechanism went 
out again. Now, there was no indication of 
the machine running over normal speed, 
which was 750 revolutions, but it had 
crept up to 850, or enough to trip the 
emergency valve. This overspeeding was 
caused by only one valve out of 16 re- 
maining open. It is very important to 
have the emergency stop always in work- 
ing order, for if it came to a “showdown” 
with the old type of throttle, one could 
not close it by hand soon enough to save 
the ‘machine if some of the valves hung 
up. It is absolutely imperative that each 
time the machine is shut down, it be done 
by tripping the throttle. The safety de- 
vice should be tested very frequently, and 
always after working on the carbon pack- 
ing, as on some machines it is necessary 
to disarrange part of the safety mechan- 
ism when working on the packing. 

This testing is done by having some- 
one hold a tachometer on the shaft while 
some one else holds a valve or two open 
and another stands ready to trip the 
throttle if necessary. One may readily 
see from the foregoing that it is possible 
for a machine to attain a dangerous 


_speed in a short time while everything 


is apparently all right. 

I hardly think the burst wheel was 
damaged by tools being left in the ma- 
chine, for they could hardly get in as 
far as the hub of the wheel or dia- 
phragm; besides, the rotating of the ma- 
chine would tend to throw the tools out 
to the bucket edge of the machine, and 
the noise set up under these conditions 
would plainly* indicate that something 
was wrong inside. On the other hand, 
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if something were caught up next to the 
hub, the vibration necessarily set up 
would call attention to it. The broken 
condition of the hub of the diaphragm 
does not necessarily denote that anything 
was caught there, for it is self-evident 
that even after the wheel had broken, 
due to the terrific speed at which it was 
running, if such was the case, the dia- 
phragm would tend to hold the wheel in 
the casing until such time as the hole in 
the diaphragm became large enough to 
permit the pieces to fly out. Whether 
the step-bearing oil pressure failed would, 
I think, have been no cause for such a 
wreck, for the symptoms of a step-bear- 
ing oil-pressure failure are not to be 
mistaken. When the pressure fails the 
oil remaining around the step and guide 
bearing takes on various colors and tem- 
peratures, mostly black, and smoke rolls 
out of the vent pipes, creating a very 
noticeable odor, the machine vibrates 
badly, and in the course of a half minute 
or so one may hear the shroudings begin 
to rub. Generally, if one gets the throt- 
tle closed at this time the material dam- 
age is usually confined to the step and 
guide bearings, the damage to the step 
being due to natural (or unnatural) 
causes, and the guide bearings being 
damaged owing to the fact that all the 
cuttings from the step have to pass 
through the guide bearing if there is any 
oil circulating at all. 

Of course, there will always remain 
the theory that this wreck was caused by 
a flaw in the wheel. But it does not seem 
possible that the wheel would run for 
a number of years and then give way 
under half speed. I am inclined to be- 
lieve the cause of the disaster was over- 
speed. 

K. C. JONEs. 
Reno, Nev. 


An Engineer’s Experience 


I went through an experience in the 
winter of 1907-8 that I do not care to 
repeat. The plant in which I was em- 
ployed contained about 1500 horsepower 
of water-tube boilers. As business was 
poor and orders were few and far be- 
tween, it was decided to shut down for 
two weeks during January. In order to 
Save expense the superintendent ordered 
all of the fires drawn and the boilers and 
pumps drained. The pipes were drained 
as far as possible, but there were some 
pipes that could not be drained. I pro- 
tested that fire should be kept under one 
boiler at least. The temperature went 
‘own to 10 degrees below zero, and 
Stayed there a week. 

One afternoon I was called out at four 
o'clock with the temperature at zero and 
no light to work by but torches, and told 
‘0 secure some men and get the plant 
ready to run the next day. “Hunkies” 
were the only laborers I could get to 
carry water to fill the boiler which, owing 
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to the bad weather, took nearly all night. 
I had asked permission to bring a loco- 
motive crane, which was fired up, around 
to the boiler room and run a temporary 
line from it to a small pump and use 
that to fill the boiler, but the superintend- 
ent had told me to “fill her by hand.” 
We filled it by 2 a.m., and, after knock- 
ing some of the ice off the manhole, we 
got the plates in. With the water level 
just up to the manholes there was just 
2 inches of water showing in the glass. 
Firing up under the circumstances 
seemed dangerous, and I hated to try it, 
but I was told that if I did not want to 
do it there were a dozen engineers in 
town who would. So I started the fire 
with 2 inches of water and everything 
frozen solid. We had previously built a 
fire under the feed pump to thaw it out, 
and at about 3.30 we had 40 pounds 
steam pressure with which we tried to 
start the pump to fill another boiler. The 
pump would not start, however, although 
I tried to thaw it out with steam. All 
the time the water level was getting 
lower. We had to cut in 110 feet of 12- 
inch header to get steam to the pump, 
and this condensed a great deal of steam; 
besides, the blowoff may have leaked 
some. 


In a short time we heard a tube pop 
and then another, and by the time we had 
pulled what little fire there was left the 
rest were burned. The result was that 
the next week a boilermaker put in 120 
new tubes and five headers which, with 
other repairs, cost about $1000. 

I certainly was mad and discouraged 
that morning, and my clothes were frozen 
stiff. We tried the same trick with the 
No. 2 boiler. While the laborers were 
filling it I examined the pump and found 
one cylinder about half full of ice. Evi- 
dently the bleeder had become plugged 
up with scale and the water did not all 
drain out. 

We got No. 2 full and a fire started 
when the tube caps began to leak. The 
fire was pulled in time to prevent burning 
this boiler. The caps on both ends of 
No. 3 were then taken off, cleaned and 
replaced. While this was being done the 
superintendent consented to use the loco- 
motive crane to furnish steam to the 
small pump and to thaw out the feed 
pump. After a while we got the pump 
to pull water from the pond and filled 
No. 3 boiler. After we got this boiler on 
the line things began to look prosperous, 
and after 40 hours of steady hustling 
and no sleep we got the plant ‘started 
with three boilers. The total cost of put- 
ting the plant in operation, including the 
damage to No. 1 boiler, was about $1200. 

I was exonorated of all blame for the 
burned boiler by the owners, but that 
did not help matters any. 

This trouble could have been avoided 
in three ways. Connecting the city water 
to the main water line would have cost 


373 


about $25. The locomotive crane could 
have been used in the first place, or one 
boiler could have been kept fired up for 
about $35. But they would not listen to 
the advice of their engineer. 

This is only one case of several that 
I could cite in which the engineer was 
not allowed to use his best judgment. 

Mr. Beets, in the August 8 issue, asks 
who is to blame when plant owners are 
not more informed regarding dangerous 
conditions. He also asks why should an 
engineer be forced to take questionable 
orders from a boss, who is ignorant, etc. ? 
He should not, but the boss says, “That 
boiler belongs to me, and the inspector 
says it is safe. If you don’t want to do 
as I say you can quit and someone else 
will do it.” When a man has a family 
to care for and no money ahead, what 
can he do but obey orders? The engi- 
neer can help matters by showing his em- 
ployer that he is an expert in his line 
and not a common laborer, and by refus- 
ing to work for a firm that will not recog- 
nize him and pay him as such. 

J. CASE. 
Hyattsville, Md. 


Massachusetts License Laws 
and Examiners 


After relieving himself of a heavy bur- 
den “touchin’ on an’ appertainin’ to” the 
Massachusetts license law and examin- 
ers, J. A. Levy, in the August 1 issue, 
says that he knows that his sentiments 
regarding the Massachusetts license sys- 
tem are held by men all over the State. 

Their name is legion who are fond of 
expressing those sentiments, they are 
practical men only in their own esti- 
mation, but when weighed in the 
balance they are found wanting. The 
term practical engineer is _ indefinite, 
its meaning depending upon the char- 
acter of the person using it. While 
there are a few men of no edu- 
cation who are able to keep a plant in 
good repair and economical operation, 
there are many who seem to think that 
a practical engineer is one ignorant of the 
philosophy and mathematics of steam en- 
gineering but who has been permitted to 
“bluff” a job. There is also a type whose 
practical knowledge consists in knowing 
how to “queer” a plant when about to be 
discharged, so as to make his successor 
sick of his job. One of the-e was dis- 
covered by a man who, on beginning his 
duties in a hotel, found the steam-heat- 
ing and hot-water systems and electric- 
elevator service out of commission since 
the “practical man” had left. When the 
successor closed the blowoff valve on a 
hot-water heater he soon had steam and 
hot water to give away. 

The fault with the electric elevator was 
that the commutator was varnished and 
there was an open circuit in the solenoid 
which resisted the brake spring. Another 


* 
q 
‘ 
q 
* 
t 

a 

F 

4 

| 

{ 

h 

{ 

} 

— 

te 


— 


374 


“practical engineer,” when about to be 
discharged, set the steam gage ahead and 
the safety valve back 40 pounds, so the 
engine would not carry the load. Still an- 
other believed in doing his dirty work 
before being discharged. His pump stop- 
ped for want of cylinder oil and his finish 
came when he wrote a note to the super- 
intendent saying that the man in charge 
did not know how to set a valve. 

When such people denounce the license 
system, their “kick” only reacts to bring 
to the support of the law every man who 
believes in qualifying before expecting to 
get a license. Instead of complaining 
that the present scope of examinations is 
too severe, a more thorough examination 
should be asked for. Suppose an appli- 
cant goes prepared to answer 2000 ques- 
tions. After he has given 100 correct 
answers, the examiner takes it for grant- 
ed that he can answer 1900 more, and 
issues him a first-class license. 

What can be said of a case where a 
man goes prepared to answer only 50 
questions and is given a first-class li- 
cense after correctly answering 30? It 
could be said that he was lucky. 

To eliminate the element of luck, the 
examiner has no recourse; but he is bet- 
ter able to judge the fitness of the appli- 
cant after several examinations, which 
work to the advantage of the applicant in 
remembering what he has learned. 

If examinations are to be so slack that 
a would-be engineer does not have to 
remember anything, then the State might 
as well require an applicant for a li- 
cense to go before an examiner and give 
a song-and-dance. 

V. J. IRONSIDE. 

Boston, Mass. 


J. A. Levy’s letter in the August 1 
issue under the above heading interested 
me considerably. In steam engineering 
today so much theory and practice go 
hand in hand that the engineer who fails 
to keep pace with the times must sooner 
or. later be relegated to a more humble 
position in favor of one who has both the 
necessary practical experience and theo- 


retical training. 


Mr. Levy cites a number of questions 


‘which were put by the examiners to an 


applicant for a second-class license who 
failed to pass. Mr. Levy argues that the 
questions were unfair. Personally, I do 
not see anything particularly improper 
in the questions quoted. I do not think 
that the applicant was rejected solely 
through his failure to answer the ques- 
tions. It is possible that there was some- 
thing else which the applicant did not 
disclose for fear of incriminating himself. 

Mr. Levy further states that when men 
who have had charge of large power 
plants for years candidly make the 
humiliating statement that under the 
present conditions they could not get a 
third-class license, there is something 
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wrong. It is my belief that if those engi- 
neers would take down their dust-covered 
engineering books and magazines and get 
busy with them that “something wrong” 
would soon disappear. 

There is a type of engineer who never 
has time, so it is claimed, to read engi- 
neering books and uptodate magazines; 
but he does have plenty of time to stand 
on street corners with his “hammer” and 
“knock” and disparage the successful en- 
gineer, who improves himself whenever 
he can. 

A. LAMARINE. 

New Bedford, Mass. 


Power Plant Betterment 


I read the criticism of Mr. Cox in the 
July 4 issue of Mr. Hunt’s paper, printed 
in the issue of May 2, and agreed so 
emphatically with the latter that I had to 
send along a few of my opinions and ex- 
periences. 

While believing in the isolated plant in 
a great majority of instances, and admit- 
ing that there are cases where the cen- 
tral-station proposition is the only feasi- 
ble one, I believe that in many places 
the latter has won out simply because of 
the troubles pointed out by Mr. Hunt. 
I am connected with a concern building 
steam engines and visit a good many 
plants in the course of a year. In selling 
new engines, old ones are often taken 
in exchange, but there is no trouble in 
disposing of them. No matter how bad 
they are, and a few of them defy descrip- 
tion—somebody always has the money to 
keep them running. These are probably 
some of the dilapidated outfits to which 
Mr. Hunt referred. 

Mr. Cox says most engineers possess 
an indicator and know how to use it to 
set the valves. Personally, I doubt if one 
engineer in ten in plants of 250 horse- 
power or undef owns an indicator. This 
statement is borne out by the amount of 
indicating business done by the various 
engine-building concerns at $10 and up. 
The men with enough ambition to pay 
$50 for an indicator do not linger long in 
the small plants under consideration. 

Our experiences in indicating engines 
for outside parties are often laughable. 
The engineer will beg for a card for his 
own, and when he gets it he will ask if 
it is a good one. One engineer, who had 
been running a small compound engine 
for about a year, wanted to know whether 
the drain from the receiver to the trap 
should be open or shut. “I do not want 
to waste any steam,” he said, and had 
been running with it closed. 

I know of a plant in which there are 
four men, two day and two night, who 
have all risen from yard laborers inside 
of 18 months. One engineer I met had 
never seen an indicator used without a 
pantograph reducing motion. To see 
some of the above men running an 
economy test and making use of a CO: 
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machine would prove highly instructive. 
Of course, we meet a few real engineers 
in our rounds, but they are always with 
the people who pay fair wages and have 
uptodate plants, into which the central- 
station solicitor knows better than to ven- 
ture. 

I believe Mr. Hunt’s idea of periodical 
visits by an expert is a fine thing, for 
even where the engineer is a good man 
and recommends improvements, ‘“famil- 
iarity breeds contempt,” and the man- 
ager follows the advice of the expert 
when he will not listen to his own engi- 
neer. 

JOHN BAILEY. 

Milwaukee, Wis. 


License Agitation in Rhode 
Island 


In Power for May 16, I was much in- 
terested in the account of the license agi- 
tation in Rhode Island. I was not at all 
surprised at the opposition from those 
who imagine that. their interests are 
threatened by license laws, but I was sur- 
prised to learn that a Boston man who 
appeared before the committee said he 
was opposed to the bills; that he had 
come to the hearing to intercede for the 
engineers and to save the public of Rhode 
Island from the troubles which had been 
experienced in Massachusetts. He said 
that the object of the bill was to legislate 
certain men out of positions in order that 


. others might get them. 


I had been operating and in charge of 
two different plants long before the 
license law was ever thought of in Massa- 
chusetts, and there was not very much 
ir it in the way of money in those days. 
Then I went down to Rhode Island think- 
ing to better myself, but instead I found 
things a good deal worse. I was sent to 
take charge of a large plant in a woolen 
mill in a small town. I reported at the 
office, and, after they had given me a 
whole lot of instructions as to what they 
expected of me, I asked them about 
money matters. They told me that they 
paid the last engineer $9 per week; but 
seeing that I had come well recommended 
they would pay me $10. They also said 
that the fireman was in charge at that 
time, and they could not see but what 
he was getting along all right. I left 
without even looking at their plant. That 
is what one may expect in a no-license 
State. 

Some of us are kicking against license 
laws instead of helping them along and 
projecting our interests as well as that of 
the public. How would some of these 
kickers against license laws like to sec 
laborers taken out of a trench and put in 
charge of steam boilers as I have seen 
done in a no-licerise State? Let them 
think it over. 

JOHN McINIS. 

Cambridge, Mass. 
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Trouble with Leaking Tubes 


In his letter in the July 18 issue, under 
the above, Mr. Reimers states that three 
months after the installation of a new 
boiler with but two sheets, double-riveted 
lap seams, and with two through stays 
below the tubes, the tubes began to leak. 

I have had charge of similarly con- 
structed boilers and never found that the 
stays were the cause of the tubes leaking. 
In one boiler that leaked the feed water 
entered at the front end with no internal 
pipe. The tubes had to be attended to 
every cleaning day. After an internal 
pipe was installed there was no more 
trouble from leaking tubes. In the case 
of an internal-furnace type of return- 
tubular boiler with one stay on each side 
of the furnace and just under the tubes, 
the feed water entered through the blow- 
off. The tubes began to leak four or five 
months after the boiler was installed, 
and within the vear cracks appeared at 
the rivet holes on the back of the fur- 
nace. I suggested to the master mechan- 
ic that the feed pipe be changed to the 
center of the boiler as in the locomotive 
tvpe. This was done, and not having 
room for an internal pipe, we made a 
long thread on the entering pipe and put 
a tee on that so that the water in enter- 
ing would not strike directly on the tubes 
but fall between the shell and the tubes. 
This was a great improvement, and as 
the boiler was badly scaled, a new set of 
tubes was put in; these tubes never 
leaked the following year, all during 
which the boiler was used. 

I think Mr. Reimers will find that the 
manner of injecting the feed water has 
much to do with his trouble, especially 
if he has no feed-water heater. 

WILLIAM BEATON. 

Gold Roads, Ariz. 


Cylinder Lubrication 


Referring to the contribution of Mr. 
Heck, which appeared in the July 25 is- 
Sue, it is unfortunate that the results 
obtained did not furnish reliable data 
which would have enabled engineers to 
formulate some law as to the amount of 
cylinder oil necessary for an engine of a 
given horsepower. 

The proper lubrication of steam- 
engine cylinders is certainly a branch of 
engineering in which there is a woeful 
lack of accurate information, and I would 
like to suggest that if there are ay 
engineers who are in a position to make 
tests similar to those carried on at Purdue 
University, that they endeavor to secure 
data on this matter of cylinder lubrication 
and send it to Power. Such information 
would be invaluable to the engineering 
fraternity at large. If such tests were 
made over a longer period I believe more 
dependable results would be obtained. 

I hardly believe engineers will agree 
with Mr. Heck’s statement that “even con- 
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sidering these cases of variation, it is 
plain that the value for frictional horse- 
power is practically constant for all 
amounts of cylinder oil fed to the en- 
gine.” If this statement be true, engi- 
neers had better start to reduce the 
amount of cylinder oil used to the “‘irre- 
ducible minimum.” 

Some time ago the United States Gov- 
ernment conducted some tests on a type 
of vertical engine used for driving light 
dynamos on battleships, and obtained re- 
sults completely at variance with those 
of Mr. Heck. In these tests the follow- 
ing results were obtained: 


Pounds Steam 


Kind of Lubri- Ounces Lubri- per Kilowatt- 
cant cant per Hour hour 
2.2 29.7 
1.0 30.9 
36.1 
Kerosene...... 3.0 34.2 
Gasolene....... 3.0 34.7 
Soda solution. . 10.0 37.2 


The kerosene, gasolene and soda solu- 
tion were used to wash out and thorough- 
ly remove any oil that might adhere to 
the cylinder wall. These tests prove con- 
clusively that there is a reduction of over 
20 per cent. in efficiency between running 
the cylinders thoroughly lubricated and 
entirely without any lubrication. 

One thing which may vitiate the value 
of Mr. Heck’s tests is that besides the 
possibility of the brake load varying, the 
friction losses of the shaft bearings, ec- 
centric, crosshead guides, crank pins, etc., 
probably were not constant throughout 
the test. The considerable effect that 
these quantities might have on the re- 
sults is indicated by the tests carried on 
some years ago by Professor Thurston. 
He analyzed the results of a series of 
tests and segregated the various friction 
losses in an engine. He found that in 
the case of a straight-line 6- by 12-inch 
engine with a balanced valve, 32.9 per 
cent. of the entire friction loss was due to 
the piston and rods, the remainder being 
consumed in the main bearings, crank 
pins, valve gears, etc. In the case of a 
straight-line 6- by 12-inch engine with un- 
balanced valve, 25 per cent. of the entire 
friction load was due to the piston and 
rod, the remainder as previously noted. 
With a 7- by 10-inch Lansing engine with 
locomotive valve gear, 21 per cent. of the 
entire friction loss was in the piston and 
rod, and the remainder as noted. 

From these tests i is evident that dur- 


ing Mr. Heck’s test the larger portion of . 


the friction load may have varied enough 
to account for the rather erratic figures 
he obtained, especially in view of the 
fact that the bearings were lubricated 
by sight-feed oil cups rather than by 
flooded or force-feed bearing lubrication. 

It might not be out of place to mention 
here that engineers are not so much 
concerned in the amount of oil necessary 
for bearing lubrication, for, fortunately, 
all of the oil used for bearings can be 
collected, filtered and used over and 
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over again, as is .ow done in uptodate 
power plants. From the standpoint of 
economy with the cylinders, however, the 
case is different, as whatever oil is in- 
jected is lost beyond recall. 

I would like to ask Mr. Heck how of- 
ten the indicator diagrams were taken, 
and if there was any gradual increase in 
the indicated horsepower from the first 
diagram taken after a large drop of oil 
was fed and the last taken before the 
next drop reached the cylinder. This 
might throw some interesting light on the 
test and would give a better idea as to 
the value of a lubricant in cylinders. 
Theoretically it would seem that after a 
large slug of oil reached the cylinder 
the friction work would surely be de- 
creased, but that on account of the oil 
being washed off by new steam and by 
the scraping action of piston rings, the 
cylinder walls would soon become “oil 
dry” and the friction work would again 
rise to a larger value. For instance, 
take the test of a straight-line engine 
turning at 272 revolutions per minute; 
when the oil was only fed at the rate of 
one drop every three minutes, the engine 
made 816 revolutions without receiving 
any lubrication. 

If a continuous indicator were used or 
if the ordinary indicator diagrams were 
so timed that they could be referred to 
the time of the injection of each drop of 
oil, any variation in power noted, as 
pointed out above, would give a good line 
on the comparative value of hydrostatic 
lubrication, and some of the more recent 
types of force-feed lubricators now on 
the market. 

In at least one type of the latter class 
of lubricators, provision is made for feed- 
ing oil drop by drop at any rate desired, 
but a further refinement is introduced 
whereby these large drops of oil are 
caught up and subdivided again and a 
small amount of oil fed into the cylinder 
for every stroke of the engine. Theoret- 
ically this latter principle seems to be the 
better, but here again actual practical in- 
formation is lacking, and if this could be 
supplied it might enable us to entirely re- 
vise and greatly improve the present sys- 
tems of cylinder lubrication. 

GEORGE F, FENNO. 

New York City. 


Experimenting with CO, 


I was greatly interested in T. P. Wil- 
liams’ letter in the July 25 issue. 

Will Mr. Williams kindly tell us what 
the uptake temperature is, whether the 
draft is regulated by the damper or by the 
furnace and ashpit doors, and at what 
place in the boiler setting does he ob- 
tain his samples? At the time 14 per 
cent. CO: was obtained, was any test 
made for CO? 

JOSEPH ANDERSON. 

Knowles, Cal. 
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General 


Heat Loss Due to Moisture in 
Wood 


What is the difference in heat value 
between green and dry Oregon fir? ~ In 
other words, what is the loss in heat 
for each percentage of moisture con- 
tained in the wood? 

When ordinary soft wood, such as fir, 
is green it contains anywhere from 25 
to 50 per cent. of moisture. After dry- 
ing in the air for about one year the_ 
moisture will be reduced to between 18 
and 25 per cent. 

The heat value of bone-dry fir is about 
9000 B.t.u. per pound. Each percentage 
of moisture in the wood decreases the 
amount of heat available to the boiler 
by about 102 B.t.u. per pound. 

Thus, green fir containing, say, 40 
per cent. of moisture, would have an 
available heat value of 


9000 — (102 «x 40) = 4920 B.t.u. per 
pound 

Whereas, fairly well seasoned fir con- 

taining, say, only 20 per cent. of mois- 

ture, would have an available heat value 

of 

9000 — (102 « 20) = 6960 B.t.u. per 
pound. 


Plinger Pump Discharge 
Regulation 


When feeding a boiler with a power- 
driven plunger pump, how is the dis- 
charge controlled ? 


F..G. J. 

On most, if not all, power-driven 
pumps there is a valve called the bypass 
which controls a passage between the 
suction and discharge chambers of the 
pump. With this valve wide open the 
water, instead of going out through the 
discharge pipe, goes into the suction 
chamber and is simply churned back and 
forth. 

By partially closing the bypass the 
quantity of water going to the discharge 
pipe can be regulated to any degree up 
to the capacity of the pump. 


Pump Dimensions for Given 
Delivery 


An engine develops 600 horsepower on 
25 pounds of steam per horsepower per 
hour; what size of ordinary duplex pump 
will be required to supply the water 25 
per cent. in excess of what the engine 
uses P 

& P. 


Questions are 
not answered unless 
accompanied by the 
name and address of the 


inquirer. This page is 
for you when stuck- 


use it 


25 lb. per horsepower 
600 h.p. 


Min.in Lhr,60)15,000 lb. per hour 


250 Ib. per min. 
28 cu.in. per Ib. 


7,000 cu.in. per min. 
1.25 


2) 8,750 cu.in. per min., 25% excess 
Pistonsp’d,in. 
permin. 600) 4,375 cu.in. per min., each cylinder 
7.46 sq.in. =area plunger 


A 3-inch plunger has 7.07 square inches 
area, and will be large enough in view 
of tne low piston speed used, 50 feet 
per minute. 


Strength of Cone Seam 


A. tank is 48 inches in diameter 
and built of '%4-inch plate which has 
a tensile strength of 60,000 pounds per 
square inch. At the lower end of the 
tank is a cone which has a single-riveted 
lap seam. The rivet holes are 11/16 
inch in diameter and the pitch is 2 
inches. What is the strength of the 
seam P 


The longitudinal joint of a cone- 
shaped section which is withstanding in- 
ternal pressure is subjected to a vary- 
ing stress. 
such a joint will be inversely propor- 
tional to the distance of the point from 
the axis of the cone. It is not practicable 
to make a joint that would offer equiva- 
lent resistance to these varying stresses; 
hence, it is customary when the cone is 


_made of one sheet to make it of the 


same strength as the tank itself. If 
several sheets are used in making up the 
length of the cone, the longitudinal joint 
of each course might be designed for 
strength inversely as its distance from 
the axis. This, however, is rarely done 


except in large tank work where the 
size makes the saving in material an 
object. 

The strength of the seam is the 
strength of its weakest part, which, ne- 
glecting the crushing of the sheet in 


The stress at any point in , 


front of the rivets, must be either the ten- 
sile strength of the ligament between the 
rivets or the shearing strength of the 
rivets themselves. The strength of the 
portion of the plate between the rivets 
is 

2 — 0.68 60,000 ‘ 
x = 9943-75 Pounds 
per inch of seam length. 


4 "Plate 


TANK WITH CONE-SHAPED BOTTOM 


Steel rivets in Single shear are as- 
sumed to have a shearing strength of 
42,000 pounds per square inch of cross- 
sectional area; the cross-sectional area 
of a rivet 11/16 inch in diameter is 
0.37122 square inch, and the strength of 
the rivets is 


0.37122 X 42,000 
2 
per inch of seam length, which, being 
weaker than the ligament, is the strength 
of the seam. 

While the seam is of equal strength 
throughout its length the internal pres- 
sure per square inch required to shear 
the rivets will vary directly as the diam- 
eter of the cone. For instance, on a line 
corresponding to a diameter of 40 inches 
the bursting pressure of the cone will be 

7798 389.78 pounds 
20 
per square inch. For a diameter of 16 
inches the seam will fail at 


7795-62 


= 7795.62 pounds 


= 974.45 pounds. 
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Turbines in the United States 
Navy 


The success of the steamships “Lusi- 
tania” and “Mauretania,” together with 
several other transatlantic liners 
equipped with turbines, appears to have 
created the popular belief that turbines 
are destined to supplant reciprocating 
engines in marine practice. Hence, one 
often hears the United States Navy De- 
partment criticized for its apparent slow- 
ness in universally adopting the turbine 
and for equipping many of the later 
battleships with reciprocating engines. 

The fact is, however, that the pro- 
pulsion of a warship presents an entirely 
different problem from that of a mer- 
chant ship. The problem in the latter 
case is comparatively simple; funda- 
mentally it is that of carrying a given 
weight a given distance in a given time, 
the speed being practically constant. A 
warship, however, must be able to steam 
at maximum speed at short notice, yet 
under ordinary conditions it cruises at 
half to three-quarters of this speed. 
Therefore, economy under these condi- 
tions is an important factor. 

As is well known, the load curve of 
a steam turbine at constant speed is 
much flatter than that of a reciprocating 
engine; consequently, turbines driving 
electrical generators, as a rule, show 
fairly good economy at light loads. 

In marine practice, however, the ro- 
tative speed is a direct function of the 
load and the economy of a turbine de- 
creases rapidly with a decrease in speed. 
Hence the turbine-driven warship shows 
poor economy at cruising speeds. 

In the comparative trials of the scout 
cruisers “Birmingham,” “Salem” and 
“Chester” last year, the “Birmingham,” 
driven by reciprocating engines, showed 
the best economy for speeds up to 
twenty and a half knots. Above this 
speed the “Chester,” equipped with Par- 
sons turbines, showed the best results. 
The “Salem,” having Curtis turbines, 
showed the least economy up to twenty- 
two and a half knots, above which its 
steam consumption was between that of 
the “Birmingham” and the “Chester.” 

Of the latest ships, the “Delaware” 
and the “North Dakota” have identical 
hulls and the same rated power, the 
former being equipped with reciprocating 
engines and the latter with Curtis tur- 
bines. On the official trials the “Dela- 
ware” attained a maximum speed of 


twenty-one and a half knots with an 
expenditure of twenty-nine thousand 
horsepower, whereas the “North Dakota” 
required thirty-two thousand horsepower 
when steaming at a maximum speed of 
twenty-one knots. Since being in com- 
mission the “Delaware” has established 
a record for steam economy while it is 
claimed that the performance of the 
“North Dakota” has been disappointing 
as to economy, this ship ordinarily con- 
suming about one-third more coal than 
the “Delaware.” Furthermore, last spring 
the “Delaware” steamed from New York 
upon short notice for a run to Chile and 
return, a distance of nineteen thousand 
miles, and without any thorough over- 
hauling of her engines she made the trip 
to England to represent the United 
States Navy at the coronation. Upon 
the return trip the “Delaware” showed 
a remarkably low steam consumption. 

While the “Delaware” has been mak- 
ing this good showing, the “North Da- 
kota” has been lying at the Brooklyn 
navy yard with one of her turbines out 
of commission, the shrouding on the 
blades having corroded and seized upon 
the stationary parts, thus rendering the 
ship practically helpless. 

Manifestly it would be unfair to con- 
demn the turbine upon the performance 
of this one ship, but additional op- 
portunity for comparison will be af- 
forded by the new battleship “Utah,” 
which is equipped with Parsons turbines 
and is soon to be placed in commission. 
Meanwhile, the Navy Department is to 
be commended for going slowly. 


A Saving of Forty per Cent. 


In a steam-power plant the steam for the 
approximately six-hundred-horsepower- 
engine output was generated in four two- 
hundred-horsepower boilers equipped 
with forced draft operated by a small 
engine controlled as to speed by the steam 
pressure. The fuel used was a mixture 
of Pocahontas and anthracite pea coal. 

With clean boilers and proper methods, 
an evaporation of approximately ten 
pounds of water per pound of fuel should 
have been accomplished, while as a mat- 
ter of fact the ratio of steam made to 
coal burned was less than six. 

When the efficiency of a boiler plant 
is low it indicates that either the fuel 
is not properly burned or that the heat- 
ing surfaces are fouled with soot upon 
one side or scale upon the other. 
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With the comparatively smokeless fuel 
used in this case it is not probable that 
the fire side of the boilers was so badly 
coated as to be the sole cause of the 
poor results. 

Inside, the coating of scale necessary 
for such a poor showing would be so 
thick that burning of the sheets or tubes 
would be almost sure to happen. 

It would seem that in the handling of 
the fires either too much air was forced 
through and around the fuel, chilling the 
gases far below the fire temperature, or 
that so little air was furnished that the 
combustion was incomplete and less than 
one-half the heat value of the fuel was 
realized. 

It is highly probable that the latter con- 
dition obtained. As the amount of air 
supplied to the furnace was controlled by 
the steam pressure it is easily seen that 
when the working pressure was reached 
the fan engine would slacken its’ speed 
and run only fast enough to keep the 
steam pressure at the point desired. 

All of the steam required to operate a 
six-hundred-horsepower engine can be 
easily generated by two boilers of two 
hundred boiler horsepower each, and if 
four were used for the work it follows 
that they were underloaded and _ ineffi- 
cient. It is ever more probable that this 
inefficiency was due rather to poor fire 
conditions than to fouled heating sur- 
faces. 

In either case here was an opportunity 
for an engineer to make a record which 
would bring profit both to himself and 
to his employer. 

For a_ six-hundred-horsepower plant, 
where the evaporation is six pounds of 
water per pound of fuel and can be 
raised to ten by intelligent methods, the 


saving will amount to forty per cent. of. 


the fuel. In one’ case the fuel cost 
would be in the vicinity of fourteen thou- 
sand dollars per year and in the other 
eight thousand four hundred dollars. 

The difference between these sums 
represents the amount that might have 
easily been saved in one plant. It also 
would have prevented the installation of 
central-station service, which in the end 
proved more expensive than the opera- 
tion under the inefficient conditions which 
existed when the change was made. 


Explosions in England and 
America 

Many things pertaining’ to boiler op- 
eration are treated very differently in 
England from what they are here. In 
that country all vessels, pipes, receptacles 
and valves are classed as boilers if used 
to hold or convey any fluid, liquid or 
gaseous, under pressure. They are di- 
rectly under the supervision of the Board 
of Trade, which appoints commissions 
to conduct investigations, fix the re- 
sponsibility and assess fines in all cases 
of accident whether insurance is carried 
or not. 
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On July 27, at Manchester, Eng., a 
formal inquiry into the cause of the ex- 
plosion of a steaming kettle at Salford, 
last October, was made by a commission 
appointed by the Board of Trade which 
is an example of English practice. The 
boiler, or kettle, as it was commonly 
called, was used for steaming dyewood. 
It was supplied with steam the pres- 
sure of which was reduced to fourteen 
pounds per square inch by means of a 
reducing valve. On the kettle side of 
this valve a pressure gage had been 
fixed, but some weeks previous to the 
explosion this gage was removed while 
some alterations were in progress, and 
was not replaced. There were, there- 
fore, no means of knowing whether the 
reducing valve was doing its work. It 
was found by the commission that the 
foreman who removed the. valve was to 
blame for the explosion and he was 
fined one hundred dollars. 

In contrast with this case may be men- 
tioned any one of the cases of explosion 


_of tanks, boilers, pipes or valves in this 


country, where usually the accommodat- 
ing coroner, if possible, places the re- 
sponsibility on some one of the dead, or 
blandly rejects evidence tending to cen- 
sure those really guilty. 

It is certain that the reckless waste 
of human life that exists in America 
cannot go on forever; and it may be both 
easier and cheaper to meet the ques- 
tion of public safety in the near future 
than to suffer from the recoil that will 
surely come if a different attitude is not 
taken. 


Aeroplane Engines 


Henry N. Atwood, a New England 
aviator, has flown from St. Louis to New 
York. He covered 1365 miles in twelve 
days, making twenty stops, the actual fly- 
ing time being twenty-eight hours and five 
minutes. No individual flight exceeded 
two hours. 

And yet the papers say that his en- 
gine is “practically wrecked. It will need 
overhauling and requires a thorough 
rest.” It has had to have repairs, ap- 
parently rod boxes rebabbitted, en route. 
Other newspaper accounts speak of the 
motor in terms that suggest overtaxation, 
long sufferance and remarkable endur- 
ance. 

We realize that failure in the air means 
more than it does upon the ground, and 
that something has to be sacrificéd to 
lightness. Skipping which might be 
tolerated by the chauffeur of an auto- 
mobile would set an aviator to looking 
for a good place to land. But, on the 
other hand, engines in cheap automo- 
biles, subject to all the strain and shock 
and wet and dirt of a road test, will run 
for over a thousand consecutive hours. If 
twenty-eight hours’ run in relays of some- 
thing less than two and a half hours each 
were anything like the limit for the aéro- 
plane engine in the present state of the 
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art, there would be a great future for fly- 


_ing machines. 


Engineering Caliber 


An engineer must be able to think 
quickly when an accident occurs. Ma- 
chinery may run for months without any- 
thing going wrong, but when something 
does happen the resourceful engineer is 
the one who will win out. 

It is under adverse circumstances that 
the engineer can make good if he has it 
in him. If he cannot make good, his 
employer stands to lose. 

In one case as soon as trouble occurs 
outside help must be called in; but in 
the other the resourceful engineer and 
his associates are at hand to immediate- 
ly remedy the trouble. 

Some engineers are born with a me- 
chanical instinct which enables them to 
see at a glance what is best to be done 
in case of accident, and instead of re- 
porting to the office that it will take sev- 
eral days to make repairs, and depending 
upon the office to see that they are 
made, work such as will permit tem- 
porary operation is begun at once, and 
the loss due to a shutdown is usually 
limited to a few hours. 

If a man has been denied the gift 
of intuition, he is handicapped to some 
extent—it takes him longer to see what is 
best to be done—but if he has even an 
ordinary amount of mechanical ability, 
he can make the ordinary repairs. ‘Witn- 
out such caliber the engine room is no 
place for him. 

It has been held that an engineer will 
be benefited by making plans as to what 
he would do in case of accident, but the 
chances are against any accident hap- 
pening as the engineer had seen it in his 
mind’s eye, and his plans are liable to 
go for naught. 

A better plan is to read such literature 
as will make the mind a storehouse for 
knowledge, and the information thus 
gained can be brought into use when an 
accident happens. 

The engineer whose advice is asked by 
his employer is he who has acquired a 
practical education along steam-engineer- 
ing lines, and his employer is quick to 
recognize his ability to decide engineer- 
ing questions. 

Assume that an engine was overloaded 
far beyond the economical operating 
point, and it was advisable to install an- 
other of equal or greater size. How 
would you convince your employer that 
it would be a saving to install a certain 
type of engine in preference to another, 
and why one valve gear instead of an- 
other ? 

Steam engineering does not consist 
merely of the routine duties about the 
plant; it is the knowing how and why, 
the ability to determine cause and effect 
and to put into practice such methods of 
operation as will produce economical re- 
sults. 
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Air Cooling and Moisture 
Precipitation 
By F. E. MATTHEWS 


Before proceeding to illustrate the 
method of calculating the amount of re- 
frigeration required to cool a mixture of 
air and water vapor it may be advisable 
to define terms. 

Air is a mechanical mixture of nitro- 
gen and oxygen in the practically con- 
stant proportion of 80 parts of the former 
to 20 parts of the latter, a very small 
percentage, about 3 or 4 hundredths of 
1 per cent., of which is replaced by 
carbon dioxide. Into this uniform me- 
chanical mixture water vapor enters in 
widely varying proportions. When the 
air contains all the moisture that it can 
hold it is said to be saturated. The 
higher the temperature of the air the 
more water vapor it is capable of ab- 
sorbing before becoming saturated. At 
a given temperature saturated air al- 
ways contains a certain fixed quantity 
of water vapor. 


Principles 
and operation of 
ice making and re- 


frigerating plant- 
and machiner)— 


may or may not contain less moisture 
after cooling than before, according to 
whether the cooling is carried below the 
temperature at which the air becomes 
saturated. The accompanying table shows 
the amount of vapor in pounds per thou- 
sand cubic feet of air at different de- 
grees of saturation at different tempera- 
tures. At 100 degrees Fahrenheit and 
100 per cent. saturation, for example, 
1000 cubic feet of saturated air will con- 
tain 2.82 pounds of water vapor, while 
at 75 degrees Fahrenheit, the amount is 
only 1.33 pounds, or less than one-half 
that quantity, and at 15 degrees Fahren- 
heit, it is still further reduced to about 


specific heat of the vapor but the latent 
heat of that part of the vapor precipi- 
tated as well must be removed. General- 
ly the process is carried still farther and 
the precipitated moisture is chilled to the 
freezing point and finally frozen, when 
not only the specific heat of the liquid 
but the latent heat of fusion is involved. 
If the ice is cooled to a lower temperfa- 
ture the specific heat of the ice is also 
involved. 

It is required, for example, to cool 
2000 cubic feet of air per minute from 
80 degrees Fahrenheit to 36 degrees Fah- 
renheit. In the following calculations 
it is assumed that the amount of air to 
be cooled is 2000 cubic feet before it is 
cooled, and not, as it might be construed 
to mean, 2000 cubic feet of cooled air. 

For the sake of simplicity the air is 
assumed to be dry. 

Dry air at 80 degrees Fahrenheit 
weighs 0.0731 pound per cubic foot; 2000 
cubic feet would weigh, in pounds, 146.2; 
the specific heat of air is 0.2377; B.t.u. 
required to cool 2000 cubic feet 1 degree 
Fahrenheit, 34.75; B.t.u. réquired to cool 


POUNDS OF AQUEOUS VAPOR IN 1000 CU.FT. OF AIR AT DIFFERENT TEMPERATURES AND PER CENT. SATURATION 


At 10% | 15% | 20% | 25% | 30% | 35% | 40% | 45% | 50% | 55% | 60% | 65% | 70% | 75% | 80% | 85% | 90% | 95% |100% 
100° F. | 0.282} 0.423) 0.056} 0.705) 0.847) 0.988) 1.130} 1 270} 1.411] 1.552] 1.694] 1.835] 1.976) 2.117] 2.259] 2.400) 2.541] 2.682) 2.823 
95° F. | 0.244) 0.366) 0.489) 0.621) 0.733) 0.855) 0.978] 1.100] 1.223] 1.345) 1.467) 1.589] 1.712] 1.844] 1.977] 2.089] 2.201| 2.323] 2 446 
90° F. | 0.211] 0.316) 0.422) 0.527] 0.633) 0.740) 0.847] 0.951] 1.056] 1.161] 1.267) 1.373] 1.479] 1.584] 1.690] 1.795] 1.901] 2.005] 2 110 
85° F. | 0.182] 0.272] 0.363) 0.454) 0.545) 0.636) 0.727] 0.818] 0.909] 1.000] 1.091} 1.182] 1.273] 1.364] 1.455] 1.546] 1.637] 1.728) 1.819 
80° F. | 0.156] 0.234) 0.312) 0.390) 0.468) 0.546) 0.624] 0.702} 0.781] 0.859] 0.937] 1.015] 1.093) 1.166) 1.249] 1.327] 1.405] 1.483] 1.562 
75° F. | 0.133] 0.200) 0.267) 0.334) 0.401] 0.467] 0.534] C.601] 0.668] 0.735] 0.802] 0.868] 0.935} 1.002) 1.069] 1.135] 1.202) 1.269) 1.336 
70° F. | 0.114) 0.171) 0.228) 0.285) 0.342] 0.399) 0.456] 0.513} 0.570] 0.627] 0.684] 0.741] 0.798] 0.855) 0.912] 0.964| 1.026] 1.083) 1.140 
60° F. | 0.096} 0.144) 0.193) 0.241) 0.290) 0.338] 0.387) 0.435) 0.484] 0.532] 0.581] 0.629] 0.678] 0.726] 0.775) 0.823) 0.872] 0.920) 0.968 
60° F. | 0.082) 0.123) 0.164) 0.205] 0.246) 0.286) 0.327] 0.368) 0.410] 0.451] 0.492] 0.533] 0.574] 0.615) 0.656] ».697| 0.738] 0.779] 0.820 
55° F. | 0.069] 0.103} 0.138) 0.172) 0.207) 0.242) 0.277] 0.311] 0.346] 0.380] 0.415) 0.449] 0.484] 0.519] 0.554] 0.588] 0.623] 0.657] 0.692 
50° F. | 0.058} 0.087) 0.116) 0.145) 0.174] 0.204) 0.232] 0.261] 0.291] 0.320] 0.349] 0.378] 0.407] 0.436) 0.465] 0.494] 0.524] 0.553] 0.582 
45° F. | 0.048] 0.072) 0.097) 0.121) 0.146) 0.170) 0.195) 0.219] 0.243) 0.267] 0.292) 0.316) 0.341] 0.365) 0.390] 0.414] 0.439] 0.463] 0.487 
40° F. | 0.040] 0.060} 0.081) 0.101] 0.122) 0.142) 0.162] 0.182] 0.203] 0.223) 0.244] 0.264) 0.284] 0.304] 0.325] 0.345] 0.366] 0.386] 0.407 
35° F. | 0.033] 0.050) 0.067) 0.084] 0.101) 0.118) 0.135) 0.152] 0.169] 0.185] 0.202] 0.219] 0.236) 0.253] 0.270) 0.287} 0.304] 0.321] 0.338 
32° F. | 0.030) 0.045) 0.060) 0.075) 0.090) 0.105) 0.120} 0.135] 0.150) 0.165] 0.181] 0.196] 0.211] 0.226] 0.241] 0 251) 0.271) 0.286] 0.301 
30° F. | 0.027] 0.041) 0.055) 0.068) 0.082) 0.096] 0.110] 0.124] 0.138] 0.151] 0.165] 0.179] 0.193] 0.207) 0.221] 0.234] 0.248) 0.262] 0.276 
25° F. | 0.022) 0.033] 0.044] 0.055) 0.066) 0.077] 0.088} 0.099] 0.110} 0.121] 0.133] 0.144] 0.155] 0.166] 0.177] 0.188) 0.199] O 210) 0.221 
20° F. | 0.017) 0.026} 0.035) 0.043) 0.052) 0.961} 0.070] 0.079] 0.088} 0.096} 0.105] 0.114} 0.123] 0.132] 0.141] 0.149] 0.158] 0 176, 0.176 
15° F. | 0.014] 0.021) 0.028} 0.035) 0.042) 0.049] 0.056} 0.063] 0.070} 0.077] 0.084] 0.091] 0.098] 0.105} 0.112] 0.119] 0.126] 0.133) 0.140 
10° F. | 0.011) 0.016} 0.022] 0.027] 0.033] 0.038] 0.044] 0.049] 0.055] 0.060] 0.066] 0.071] 0.077] 0.082| 0.088] 0.093) 0.099] 0.104 0.110 
+5° F 0.008] 0.012] 0.017) 0.021) 0.026) 0.030] 0.035] 0.039] 0.043] 0.047] 0.052) 0.056) 0.061) 0.065] 0.069] 0.073) 0.078] 0.08 2) 0.087 
0° F. | 0.006] 0.009) 0.013) 0.016) 0.020] 0.023] 0.027] 0.030] 0.034] 0.037] 0.041] 0.044] 0.048] 0.051] 0.055] 0.058] 0.061] 0.064 0.068 
—5° F. | 0.005} 0.007) 0.010) 0.012) 0.015) 0.018) 0.021] 0.023] 0.026} 0.028} 0.031] 0.034] 0.037] 0.039] 0.042) 0.044] 0.047] 0.049) 0.052 
0.004) 0.006} 0.008} 0.010) 0.012] 0.014] 0.016} 0.018} 0.020] 0.022] 0.024] 0.026] 0.028] 0.030] 0.032] 0.034] 0.036] 0.038 0.040 
0.003] 0.004) 0.006) 0.007) 0.009) 0.910) 0.012] 0.013] 0.015} 0.016} 0.018} 0.019} 0.021! 0.022) 0.024) 0.026] 0.028] 0.029) 0.031 


It must be remembered, however, that 
the temperature of the air does not fix 
the amount of moisture that it contains 
except in the limiting case of saturation. 
In general, air is not saturated, and may 
contain different amounts of water at 
the same temperature as it varies in de- 
gree of saturation; or it may contain dif- 
ferent amounts of moisture at the same 
degree of saturation at different tem- 
peratures. Since the amount of water 
that it is possible for air to hold in sus- 
Pension increases with increasing tem- 
perature, and decreases with decreasing 
temperature, it is evident that the air 


one-tenth of what it is at 75 degrees 
Fahrenheit. 

In the general case, air cooling in- 
volves cooling not only the mechanical 
mixture of oxygen and nitrogen, but a 
large quantity of water vapor as well. 
If the air contains sufficient moisture so 
that the cooling brings it to the point of 
saturation, the heat that must be ab- 
stracted from the water vapor will be 
only that represented by the specific heat 
of the vapor and the number of degrees 
cooled through. If it is cooled below the 
point of saturation, as usually happens 
in cold-storage practice, not only the 


2000 cubic feet 44 degrees Fahrenheit, 
1529. 

One ton of refrigeration is sufficient 
to dispose of heat at the rate of 288,000 
B.t.u. per 24 hours, or (dividing this 
number by 1440, the number of minutes 
in 24 hours) the equivalent rate per min- 
ute is 200 B.t.u. 

On this basis, the cooling of 2000 
cubic feet of air per minute from 80 
degrees Fahrenheit to 36 degrees Fah- 
renheit would require the expenditure 
of 

1529 + 200 = 7.64 tons 
of refrigeration. 
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Had the requirements been for 2000 
cubic feet of cooled air, the amount of 
refrigeration needed would have been 
8.36 tons, the difference being accounted 
for by the difference of weight per cubic 
foot of air at 80 degrees Fahrenheit and 
36 degrees Fahrenheit, respectively. 


LETTERS 


Answers to E. J. Gale’s Ques- 
tions on Refrigeration 


There have been received so many an- 
swers to E. J. Gale’s questions in the 
August 8 issue that it would take up 
too much space to publish each sep- 
arately. It would also mean unnecessary 
duplication. A summary of the informa- 
tion they contain has been prepared and 
is given below: 

1. The consensus of opinion is that 
the discharge from an ammonia com- 
pressor should be hot. A Fahrenheit 
thermometer in the discharge pipe should 
register from 200 to 260 degrees and the 
temperature of discharge should increase 
as the ratio of the absolute discharge 
pressure to the absolute suction pres- 
sure increases. For a condenser pres- 
sure of 185 pounds per square inch gage, 
or 200 pounds absolute, and a suction 
pressure of 15 pounds gage, or 30 pounds 
absolute, the discharge temperature 
should be about 250 degrees Fahrenheit. 

2. A hot discharge such as recom- 
mended in answer to No. 1 is obtained 
by returning the ammonia vapor to the 
compressor in a dry saturated state. This 
quality of suction vapor can be recognized 
at the compressor by the frost on the 
suction line just covering the suction stop- 
valve body. If the frost leaves the suc- 
tion pipe in the engine room, the dis- 
charge will increase in temperature, only 
superheated ammonia vapor reaching the 
compressor. 

A cold discharge is obtained when the 
frost is allowed to travel beyond the 
suction stop-valve body so that it covers 
the suction-valve housings and the com- 
pressor body. Experience has shown that 
this mode of operation does not give the 
maximum capacity per cubic foot of com- 
pressor displacement or the lowest horse- 
power per ton of refrigeration produced. 

A hot discharge from superheated 
vapor can be remedied by increasing the 
opening of the ammonia expansion or 
regulating the valves slightly until frost 
appears on the body of the suction stop 
valve. 

A cold discharge can be brought up 
to proper temperature by slightly clos- 
ing the expansion or regulating valves 
until the frost leaves the compressor. 
Care must be so exercised in manipulat- 
ing the expansion valves that the feed 
of those only is reduced which are al- 
lowing too much liquid ammonia to en- 
ter the low-pressure side of the plant. 
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When the return frost just covers the 
body of the suction stop valve. and the 
discharge is still too cool, the suction 
valves of the compressor may not be op- 
erating properly, only a small quantity 
of ammonia being discharged from the 
compressor. In this case the plant will 
show a falling off in capacity and the 
trouble should be remedied at the earliest 
opportunity. 

3. The amount that the expansion 
valve should be opened depends on the 
conditions under which the cooling coils 
or other refrigerating apparatus, which 
they supply with liquid ammonia, are to 
be operated. For maximum capacity, the 
expansion valves should be opened far 
enough so that every square foot of cool- 
ing surface can produce the greatest pos- 
sible cooling effect for the suction pres- 
sure carried and the temperature desired 
in the refrigerator. This condition of op- 
eration is obtained when the ammonia 
vapors flowing through the cooling coils 
carry enough liquid ammonia with them 
to the end of these coils to thoroughly 
wet the cooling surfaces. No liquid, or 
only slight traces of liquid, should be 
carried into the suction mains, as other- 
wise the compressor will frost over, caus- 
ing a cold discharge and loss in capacity 
and efficiency. 

It is impossible to give any set of 
fixed rules for regulating expansion 
valves. The operating engineer must de- 
termine the proper opening of each valve 
under his care used in the plant by 
carefully noting the action of the sys- 
tem under various conditions of opera- 
tion. 

4. The higher the suction pressure the 
less horsepower will be required to op- 
erate the refrigerating machine. If then 
the plant is doing the work required at 
the time and the suction pressure drops, 
slow down the machine to maintain the 
pressure that experience has shown to 
give the best results. If the expansion 
valves are opened further under the 
above conditions too much liquid will be 
carried back to the compressors and the 
proper operation of the machine inter- 
fered with. 

5. The compressor jacket water can 
readily be frozen by opening the expan- 
sion valves so much that liquid ammonia 
is carried back to the machine. It is 
dangerous to operate most refrigerating 
machines this way, as the presence of 
liquid in the compressor may cause a 
blowing out of the compressor head or 
other injury to the machine. 

6. In a properly designed plant more 
work can be done with a little ammonia 
in the system when the condenser pres- 
sure is reduced as much as possible 
so as to obtain the maximum refrigerat- 
ing effect per pound of ammonia cir- 
culated. Experience has shown that in 
some plants better results are had under 
these conditions when the condenser 
pressure is increased. This is because 
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the plant is so constructed that with low 
condenser pressure, liquid is trapped in 
the ammonia condensers and does not 
flow readily into the receiver. These 
plants are poorly constructed and the 
fault should be remedied. 

7. If an expansion valve is open at 
all and enough ammonia is in the sys- 
tem, the coil on which the valve is lo- 
cated must frost over to a certain ex- 
tent as long as the back or suction pres- 
sure is low enough so that the ammonia 
boils below 32 degrees Fahrenheit. To 
cover the whole coil with frost the valve 
must be opened far enough so that liquid 
is carried to within a short distance from 
the point where the coil enters the suc- 
tion line. When there is not enough am- 
monia in the system, part vapor and 
part liquid will enter the liquid main and 
only those coils most favorably located 
will get some liquid; the others will prob- 
ably get none. 

8. This condition of operation indi- 
cates too little ammonia in the receiver 
at times. The lack of ammonia in the 
receiver may be due to too little am- 
monia in the system, or else the liquid 
is periodically trapped in the ammonia 
condenser. The remedy for the former 
is to charge more ammonia into the sys- 
tem and for the latter to improve the 
construction of the ammonia condenser. 

9. There is no danger in operating a 
refrigerating system with a high-suction 
pressure. 

10. To obtain the largest ice output 
for any plant, the condenser pressure, 
and the suction pressure as well, should 
be carried as low as possible. The dif- 
ference between the two pressures will 
take care of itself; it depends on the 
size and the efficiency of the apparatus 
of the plant and the conditions under 
which it must be operated. 

The above summary was made up from 
the answers of the following contributors: 
William Chaddick, Chicago, Ill.; J. P. 
Colton, Ohio City, O.; C. A. Scott, Wales, 
Wis.; L. M. Johnson, Glenfield, Penn.; 
William L. Keil, Philadelphia, Penn; 
Andrew Blair, Jr., Norborne, Mo. 


Flooded System of Refriger- 
ation 


In Power of August 8, Victor Bonn 
asked for an explanation of the workings 
of the flooded system of refrigeration. 
The term “flooded system” as applied 
to refrigeration may be defined as a 
method of supplying liquid anhydrous 
ammonia to the receptacle in which the 
evaporation of the refrigerant takes place. 
Briefly, the flooded system of refrigera- 
tion is one in which the ammonia is al- 
lowed to pass through the freezing coils 
and then through a trap, which serves as 
an accumulator, in which the liquid am- 
monia is separated from the ammonia 
gas in much the same way that water 
is removed from steam in a steam trap. 
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The ammonia gas then passes on from 
the accumulator to the compressor, and 
the liquid ammonia is returned by gravity 
to the freezing ceils and passes through 
the coils again together with the fresh 
liquid ammonia. 

Before proceeding with the principle 
of operation of the flooded system it is 
necessary to understand the action of the 
ammonia in the coils. It is generally 
understood that the heat abstraction, or 
the refrigerating effect, is produced by 
an evaporation of the refrigerant. When 
any liquid is changed from its fluid con- 
dition into a gaseous state a certain 
amount of heat is necessary to make the 
change. When water is evaporated in a 
steam boiler to make steam a certain 
amount of heat must be supplied even 
after the water has reached the tempera- 
ture corresponding to the pressure in the 
boiler, in order to change it from the 
liquid to the gaseous state. The extra 
amount of heat necessary to change the 
water to steam without raising the tem- 
rerature of either the water or the steam 
is known as the latent heat. The same 
principle that governs the change of water 
to steam, also governs the change of 
liquid anhydrous ammonia from the 
liquid to the gaseous state. When liquid 
ammonia, in a direct-expansion refrigera- 
tion plant, passes through the expansion 
valve the liquid changes to a gas in its 
passage through the cooling coils, pro- 
vided that sufficient heat can be abstracted 
from the surroundings to supply the nec- 
essary amount of heat to make the change. 
If sufficient heat is supplied the am- 
monia, which boils at a low temperature, 
is evaporated, the heat absorbed being 
abstracted from the surroundings. On 
the other hand, if so much liquid is sup- 
plied that the heat abstracted is not suf- 
ficient to evaporate it all, the liquid 
which remains will be discharged from 
the refrigerating system and enter the 
suction line to the compressor. As the 
liquid-ammonia, of course, must not be 
drawn into the compressor, a trap which 
contains baffle plates similar to a steam 
trap may be used in the suction line to 
catch the liquid ammonia, the gas being 
allowed to pass on to the compressor. 
The liquid ammonia in the trap or ac- 
cumulator may then be allowed to return 
to the coils and to pass through again, 
together with the fresh liquid ammonia 
which is supplied to take the place of 
the amount vaporized. 

This, in brief, is a description of the 
action of the flooded system of refrigera- 
tion. To accomplish the foregoing re- 
Sults, the expansion coils are arranged 
vertically and the liquid anhydrous am- 
monia is supplied at the bottom of the 
coils. Usually a number of expansion 
coils are used and are connected by 
headers, the liquid ammonia being sup- 
Plied to the lower or inlet header. A 
trap or accumulator is located in the 
Suction line from the top or outlet header 


POWER 


of the coils and is placed at a higher 
level than is the outlet header. As the 
gas and the entrained liquid ammonia 
pass into the accumulator the gas is 
separated from the liquid, the gas pass- 
ing on to the compressor. The entrapped 
liquid ammonia in the accumulator is 
then returned by gravity through a pipe 
connection provided for this purpose to 
the inlet header where it again passes 
through the coils together with the fresh 
supply. The fresh supply of liquid am- 
monia from the high-pressure side of 
the system is not led directly into the 
inlet header of the cooling coils but is 
cooled by means of a cooling device while 
still under the high pressure of the sys- 
tem. After the liquid ammonia at this 
high pressure has been cooled to the 
temperature of the low-pressure side of 
the system the supply enters the ac- 
cumulator without evaporating and then 
the supplemental supply and the en- 
trained supply caught in the accumulator 
flow by gravity to the inlet header and 
then through the expansion coils where 
partial evaporation takes place. The pipe 
line from the accumulator to the inlet 
header of the expansion coils, as well 
as the accumulator itself, is so thorough- 
ly insulated that evaporation will not 
take place until the inlet header of the 
expansion coils is reached. 

By means of the flooded system of 
refrigeration it is claimed that more work, 
or a greater refrigerating effect, can be 
produced with a given amount of evap- 
orating surface than is possible with the 
direct-expansion system of refrigeration. 
This is because every square foot of the 
heat-absorbing surface is efficient as it 
is in touch with the liquid refrigerant. 
In the direct-expansion system of refrig- 
eration the amount of efficient heat-ab- 
sorbing surface depends somewhat on 
the engineer in charge, while with a 
properly designed flooded system the 
regulation of ammonia is automatic and 
requires no attention. The supply of the 
refrigerant for the flooded system is 
controlled by one valve for each ac- 
cumulator, while with the direct-expan- 
sion system one expansion valve is usual- 
ly supplied for each cooling coil. It is 
needless to say that one valve feeding 
a large quantity of liquid is much more 
easily regulated than many valves hand- 
ling in all the. same quantity of liquid. 

In regard to Mr. Bonn’s question as 
to whether the capacity of the plant can 
be increased without increasing the coal 
consumption, I would say that such 
claims have been made for the flooded 
system, and some plants have been al- 
tered under a guarantee to produce a 
greater output, other conditions remain- 
ing the same. 

Mr. Bonn also asks if there is any 
automatic arrangement by which it is pos- 
sible to maintain an almost constant back 
pressure. The automatic regulation of 
the flooded system is probably the ar- 
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rangement to which he refers, no expan- 
sion valves being used and the regula- 
tion of the supplemental liquid ammonia 
being made by a single valve at the ac- 
cumulator. 
T. W. 
Scranton, Penn. 


Opening an Ammonia Joint 


In the June 27 issue, I read with inter- 
est D. L. Fagnan’s article under the above 
title. There are some points in the article 
which I cannot understand. Mr. Fagnan 
writes: “I rushed for the valves in the 
engine room to isolate that coil and found 
one valve partly open.” Every modern 
ammonia system has, or should have, a 
main liquid valve. 

To have performed the pumping-out 
process properly, the assistant should 
have closed all liquid valves in the engine 
room, as there was probably no main 
liquid valve, and closed the main return 
valve, or at least the return valve on the 
coil on which he was working. I have 
always found it good practice to close 
all valves on the liquid line, and 
all return valves unless I was sure 
that the valves on the coil which 
was being repaired were tight. The 
low-pressure gage must be watched while 
pumping back. It is a good plan to pump 
down until the gage reads zero or a lit- 
tle below, rap the gage occasionally and 
see that the hand of the gage works free. 
Stop the machine when the hand arrives 
at zero or a little below, and in a short 
time the hand on the gage will raise. 
The system cannot be pumped down at 
the first trial, and it may be taken for 
granted that it is not empty until the 
gage will remain at zero. Always break 
the joint near the valve in the engine 
room gently, and do not remove the nuts 
or bolts. After this, break the joint on 
the coil in which the tee is to be placed. 
One may meet with some oil mixed with 
a little ammonia while prying the flanges 
apart; let the oil drain out before pro- 
ceeding. If the gage is right a little va- 
por that may have been in the line will 
escape through the broken joint into the 
engine room, and if the valve on the 
liquid line leaks, the fumes will also es- 
cape there. Had the engineer watched 
his gage and not broken the joint so long 
as the low-pressure gage indicated pres- 
sure, he would have had little trouble. 
A main liquid valve in Mr. Fagnan’s sys- 
tem is needed badly. 

WILLIAM KEIL. 

Philadelphia, Penn. 


The development of cheap power on 
farms where water power is available, 
says the Geological Survey of Tennessee 
in its magazine, The Resources of Ten- 
nessee, will help to solve the problem 
of “keeping the boy on the farm” and 
provide a means of running it eco- 
nomically and profitably. 
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The Christie Air Steam Engine 


Boldly claiming to be able to produce 
100 per cent. more power with the same 
boiler and the same fuel consumption, 
the Christie Engine Company, of Water- 
loo, Ia., has been formed for the pur- 
pose of exploiting the Christie four- 
stroke cycle air-steam engine. It is the 
invention of E. J. Christie, of the above 
town, and an actual machine rated at 
300 horsepower has been constructed by 
the Vilter Manufacturing Company, of 
Milwaukee, Wis. 

The engine, as shown in Figs. 1 and 
2, is of the Vilter company’s ordinary 
Corliss type with the exception that it 
has inwardly opening valves in the cyl- 


A 300-horsepower tandem 
engine, working on the 
four-stroke cycle, has been 
butlt for some months. Ac- 
tual test figures are awaited 
to confirm the exorbitant 
claims made by the inventor. 


stroke the steam valve is opened, and as 
the piston moves away the steam en- 
ters, mingling with the air. As the clear- 
ance is already filled with air at the 
steam pressure, no steam enters before 
the piston moves and it is expected that 
the surfaces will be so heated by the 


haust stroke at the expense of the heat 
in the cylinder walls, and hence less re- 
heating to be done. 

The leading thought of the inventor 
is, however, based upon Dalton’s laws, 
which are to the effect that 

1. The tension and consequently the 
quantity of vapor which saturates a given 
space are the same for the same tem- 
perature, whether this space contains a 
gas or a vacuum. 

2. The tension of the mixture of a 
gas and a vapor is equal to the sum of 
the tensions which each would possess 
if it occupied the same space alone. 

It is suggested that the reader who is 
not acquainted with this law should read 
the simple exposition of it on page 383. 

From this it follows that the tempera- 
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inder heads to admit air and an arrange- 
ment by which the main valves are pre- 
vented from opening at every alternate 
stroke. This is timed to occur on each of 
the four cylinder ends successively. 
Each cylinder end works on a four- 
stroke cycle. With the steam-admission 
and the exhaust valve closed, the piston 
moves forward, drawing in a charge of 


high temperature of the air due to com- 
pression that cylinder condensation will 


be largely avoided. 


It is true that there will be a less 
active interchange of heat between the 
hot, dry air and the cylinder walls than 
with steam; but to just that extent there 
will be less effective reheating, and it is 
questionable economy to take expensive- 
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ture of the steam in the mixture is de- 
termined not by the total pressure but 
by the pressure which the steam would 
exert if it occupied the same space alone. 
Upon this is based the claim that in the 
Christie engine the steam is highly super- 
heated at cutoff. Also the steam can be 
expanded down to a pressure below that 
of the atmosphere without employing a 


Fic. 2. CHRISTIE AIR-STEAM CORLISS ENGINE RATED AT 300 HoRSEPOWER : 


air which is compressed upon the return 
stroke, the clearance being so propor- 
tioned that the pressure attained by com- 
pression is that of the entering steam. 

At the commencement of the next 


ly produced energy out of the flywheel 
and reconvert it to heat to warm up cyl- 
inder metal. If, on the other hand, initial 
condensation is avoided, there will be less 
water to be evaporated during the ex- 


condenser, this being one of the principal 
claims of the inventor. 

In the prospectus an example is cited 
to show that if free air at 100 degrees 
Fahrenheit be compressed in the engine 
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up to 165.3 pounds absolute and a tem- 
perature of 366 degrees Fahrenheit, and 
if steam entering the cylinder at the lat- 
ter pressure and temperature be cut off 
at such a point as to secure a terminal 
steam pressure in the mixture of 4.09 
pounds absolute and a temperature of 
154 degrees Fahrenheit, the air pressure 
in the exhaust will be 16.12 pounds ab- 
solute and that of the mixture will be 
20.21 pounds. 

‘Taking these conditions and treating 
the problem from a thermodynamic view- 
point, at the beginning of compression 
the air is saturated with vapor. Calcula- 
tions show that of the total pressure of 
165.3 pounds at the end of compression, 
154.8 pounds is due to the air and 10.5 
pounds to the vapor which is superheated 
about 170 degrees. 

Conforming to the conditions as stated—- 
that is, a terminal air pressure of 16.12 
pounds absolute and a temperature of 
154 degrees Fahrenheit—the ratio of ex- 
pansion of the air would have to be 1283. 

The engine has two 14-inch cylinders 
and a 36-inch stroke. Therefore, the 
piston displacement in each cylinder is 
3.21 cubic feet per stroke. Since the ratio 
of expansion is 12.83, the volume of the 
clearance must be 

_ 0.2814 cubic feet 
12.82 — 1 
Hence the total volume of each cylinder 
is 


3.21 + 0.2714 = 3.4814 cubic feet 


At the terminal steam pressure of 4.09 
pounds the density of the steam is 0.01131 
pound per cubic foot. Therefore, the 
theoretical steam consumption per stroke 
per cylinder would be 


3.4814 & 0.01131 = 0.03938 pound 


and at 150 revolutions per minute, the 
steam consumption per hour for the two 
cylinders would be 


0.03938 x 150 x 60 X 2 = 709 pounds 
per hour 


The inventor claims that the engine is 
able to develop 300 horsepower when 
running at 150 revolutions per minute. 
If this were so, it would mean a steam 
consumption of 

709 

2.36 pounds 
per horsepower-hour, the absurdity of 
which is at once apparent. 

Again, referring to Fig. 3, if the cycle 
operates as claimed, the expansion of 
the air from steam admission to cutoff 
would be isothermal as represented by 
AH and from H to B the expansion 
would be adiabatic. Since the volume of 
the air at the end of adiabatic expansion 
is 3.4814 cubic feet and the temperature 
iS 154 degrees, at the beginning of ex- 
pansion with a temperature of 366 de- 
grees the volume would be 1.686 cubic 
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feet. Hence, the cutoff would have to 
be at 


1.686 0.2714 
3.21 
of the stroke and the air pressure deter- 
mined from the formula 


ty P, 

=> 0.41 
would be 45.06 pounds. At the begin- 
ing of the isothermal expansion the air 
conditions are as follows: 

Temperature = 366 degrees Fahrenheit. 

Pressure = 154.8 pounds absolute. 

Volume = 0.02714 cubic foot. 

At the end of this expansion and to 
suit the adiabatic expansion, which starts 
at cutoff, the air conditions should be: 

Temperature — 366 degrees Fahrenheit. 

Pressure — 45.05 pounds absolute. 

Volume — 1.686 cubic feet. 

For isothermal expansion of air 


puv=p, 
Hence the expression 
154.8 « 0.2714 = 42.04 
should equal 
45.05 « 1.686 = 76 
Since there is such a wide difference in 


= 45 per cent. 
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the steam below atmosphere; in fact, it 
is a question whether the air does not 
introduce more losses than it prevents. 
-The engine has now been built for 
some months, affording ample opportunity 
for testing its merits and substantiating 
the claims of its inventor. Test figures 
giving the water rate of the engine have 
been requested on several occasions, but 
these have never been forthcoming, al- 
though the inventor continues to sell 
stock. Data on the steam consumption 
will do more than a volume of theory 
to establish the claims for the engine 
or condemn it. The actual test figures 
will be awaited with interest. 


Dalton’s Laws 


Suppose the vessel in the accompany- 
ing sketch to have a capacity of three cubic 
feet and to be divided as in Fig. 1 into 
a chamber containing one cubic foot of 
steam at 150 pounds, absolute, pressure. 
Now suppose the partition to disappear. 
The steam would expand to three times 
its volume, and, since no work is done, 


its temperature would remain constant. © 


Under these conditions its pressure 
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Fic. 3. AIR-STEAM PRESSURE DIAGRAM 


these values, it follows that the engine 
cannot operate as claimed without de- 
stroying the fundamental principle upon 
which the engine is supposed to operate. 

Up to the point of cutoff the total 
pressure is supposed to remain constant 
at 165.3 pounds absolute, which is the 
sum of the air and steam pressures; as 
the air pressure drops the steam pres- 
sure rises. Therefore, at admission the 
effective steam pressure would be neg- 
ligible, but this would increase as along 
the curve EF to a pressure of 


165.3 — 45 = 120.3 pounds 


at cutoff. It then expands to 4.05 pounds 
absolute. It is evident therefore that, 
although the boiler pressure is 165.3 
pounds absolute, the mean effective pres- 
sure of the steam will be very small. 

Of course, the air cannot be looked 
upon as performing any useful work; it 
is merely a medium filling the clearance 
spaces, being supposed to lessen con- 
densation and permit an expansion of 


would vary inversely as its volume and 
would be 
= = 50 pounds 

The pressure is due to the bombard- 
ment of the containing surfaces by the 
molecules of the steam. The tempera- 
ture of the steam depends upon the veloc- 
ity of its molecules. If the velocity (that 
is, temperature) is kept constant and 
the volume trebled, the molecules, which 
were traveling lengthwise of the cylin- 
der, will have three times as far to go 
between impacts, and at the same velocity 
can hit only one-third as often. Those 
which have a crosswise direction have 
three times as much area to cover. The 
number of impacts per unit of surface 
therefore becomes one-third for the in- 
creased volume, with a proportionate re- 
duction of pressure. | 

Now imagine a similar cylinder, Fig. 2, 
where the smaller compartment is vac- 
uous and the larger full of air com- 
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pressed to 150 pounds absolute. If the 
partition were to disappear the two cubic 
feet of air would expand to three cubic 
feet, the temperature would remain con- 
stant and the air would be at a pressure 
of 


350 X 2 — 100 pounds 

Again imagine the cylinder, as in Fig. 
3, to have steam on one side of the parti- 
tion and air on the other, both at the same 
temperature and pressure. If now the 
partition should disappear, what would 
happen? The steam would not stay in 
one end of the cylinder and the air in 
the other, but the molecules of each 
would be diffused throughout the whole 
vessel. 

The pressure due to the steam would 
fall just as it did when the air was not 
there, for the impact of its molecules 


Absolute Absolute 
Vacuum Vacuum 
lou. ff. 


would be divided over all the cylinder 
wall as before. The pressure of the air 
would fall in the same way. But the 
walls are subjected to the bombardment 
of both the steam and the air molecules 
so that the pressure upon them is the 
sum of the air and the steam pressures; 
and since that of the air is 100 and that 
of the steam 50 the actual pressure is 
100 +- 50 pounds per square inch 
as before. 

With the above in mind it is easy to 
understand the laws of Dalton, which 
may be expressed as follows: 

First Law: The pressure and conse- 
quently the quantity of vapor which satu- 
rates.a given space are the same for the 
same temperature whether this space al- 
so contains a gas or is vacuous. 

This simply means that if a pound of 
steam molecules is put into a certain 
space and given the velocity correspond- 
ing to a certain temperature it will 
exert a certain pressure. If there are 
other molecules flying about in the same 
space they will exert their pressure too. 
If an attempt is made to put more steam 
into the same space without changing its 
temperature, the pressure will go up, be- 
cause there will be more molecules to 
impact per second at the same velocity. 

Second Law: The pressure of a mix- 
ture of a gas and a vapor is equal to the 
sum of the pressures which each would 
possess if it occupied the same space 
alone. 

If in a condenser, for instance, there 
is a vacuum of 26 inches (say an abso- 
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lute pressure of 4 inches of mercury) 
and the temperature of the condensate 
is 110 degrees, the condenser must be 
full of vapor of 110 degrees tempera- 
ture, which the steam table tells us cor- 
responds to a pressure of 2.589 inches of 
mercury. There must then be air enough 
present to exert a pressure of 


4 — 2.589 = 1.411 inches 


Novel Method of Overcom- 
ing Peak Load ‘Troubles 


Users of electric power are sometimes 
compelled to buy on a “peak-load” basis; 
that is, not exceeding a fixed current 
consumption at any time during the year 
but paying constantly for that fixed maxi- 
mum regardless of how much current is 
used. On this basis it is evident that 


Air Steam Air 
Ib. 150 Ib. 150 Ib. 
2cu. ft. lou. ff. 2cu.ff. 
PoweR 
Fic. 3 


continually running close to the speci- 
fied limit or vice versa, keeping the cur- 
rent consumption low .at the time of 
greatest load is advantageous. The former 
procedure is impossible in many manu- 
facturing processes, as it is in lighting 
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stance, the low cost and satisfactory op- 
eration of a 400-horsepower steam-tur- 
bine unit are utilized in effecting the econ- 
omy. In the Lachine plant, a 14-inch, 
two-stage, double-suction turbine pump 
with a capacity of 6,000,000 gallons per 
24-hour day is utilized to provide water 
supply and fire protection for the city, 
the water pressure being ordinarily 80 
pounds per square inch and for fire 120 
pounds per square inch. The lower pres- 
sure is obtained by closing one valve and 
operating only one stage of the pump. 
The speed remains the same for both 
services. 

Current is purchased by the year on a 
basis which is all right for lighting the 
city and for pumping at all times of the 
year except the three winter months dur- 
ing which the lighting load is greatest. 
It was figured that operating the pump 
by steam for four or five hours a day 
during that period could be made less 
expensive than buying sufficient electric 
current to operate entirely by electricity. 
As further advantages of an auxiliary 
steam installation, the insurance rate on 
the pumping station could be reduced 
and the city could be better lighted dur- 
ing fall evenings without incurring un- 
reasonable additional expense. 

It was therefore decided to arrange the 
pump for operation by a 400-horsepower 
induction motor the greater part of the 
time but by a steam turbine during the 
peaks in the lighting load in winter and 
in case of accident in the electric line. 

The installation, furnished by the John 
McDougall Caledonian Iron Works, Mon- 
treal, is shown in the accompanying 


MOoTOR-TURBINE-PUMP INSTALLATION AT LACHINE, CAN. 


and street-railway work; the latter is 
usually attempted by the use of storage 
batteries. 

Those who have studied this peak-load 
problem will be interested in a novel so- 
ultion which has been quite successful 
in the municipal lighting and waterworks 
plant of Lachine, Canada. In this in- 


photograph. The pump, of Worthington 
make, runs at 1200 revolutions per min- 
ute and is direct connected to an Allis- 
Chalmers-Bullock motor on one side and 
a 400-horsepower four-stage Kerr turbine 
on the other. Either driving unit can 
be thrown into or out of use instantly 
by means of clutches on the shaft. 
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High Duty Engine at 
Providence 

About a year ago the old Nagle en- 
gine at the Hope station of the Provi- 
dence water works was replaced by a 
Worthington high-duty, triple-expansion 
pumping engine of 10,000,000 gallons 
capacity. 

The new engine has two high-pressure 
steam cylinders, each 16 inches in diam- 
eter, two intermediate cylinders 25 inches 
in diameter and two low-pressure steam 
cylinders of 46 inches diameter. The 
two double-acting water cylinders are 
each 24 inches in diameter and the com- 
mon stroke is 24 inches. The engine is 
of the self-contained type with three 
steam cylinders for each side arranged 


Fic. 1. Hope STATION OF PROVIDENCE 
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tandem, each set of steam cylinders be- 
ing directly connected to one double-act- 
ing water plunger. Each of the steam 
cylinders has two admission valves on 
top and two exhaust valves on the bot- 
tom, all of a modified Corliss type. The 
former are provided with a nonrelease 
cutoff gear operated by a secondary four- 
arm crank which is fulcrumed on the 
wristplate of the main valve gear but 
receives its motion from its own side 
of the engine, while the wristplate of 
the main valve gear is moved from the 
crosshead of the opposite side in the 
ordinary manner of the duplex-valve 
gear. 

The high-duty attachment is of stand- 
ard design, each side of the engine hav- 
ing two oscillating cylinders containing 
plungers attached to the main crosshead. 
These cylinders are under constant pres- 
sure from the discharge main and this 
is increased to the required amount by 
an interposed differential accumulator. 
The effect of the plungers is to resist 
the advance of the piston rod at the be- 
ginning of the stroke and assist it at the 
end. By thus alternately absorbing and 
exerting energy, due to the different 
angles at which the force is applied in 
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relation to the motion of the water plung- 
ers, these compensating cylinders per- 
form the function of a flywheel, and, 
what is most important, the power they 
exert increases in almost exact propor- 
tion to the decrease in the power of the 
expanding steam. 

To eliminate the possibility of the en- 
gine short-stroking under a variable load, 
a stroke-adjusting device of recent de- 
velopment is attached which automatical- 
ly maintains a practically constant stroke. 
This device is so arranged as to change 
the back pressure of the accumulator 
whereby the compensating cylinder load 
is correspondingly increased or decreased 
as may be required for the lengthening 
or shortening of the stroke of the en- 
gine. 

The pump ends are of the sectional 
plunger and ring type with the suction 
and discharge chambers solidly bolted 
to the pump barrels. The latter are pro- 
vided with horizontal valve decks con- 
taining multiple water valves of small 
diameter but of sufficient area to insure 
quiet operation. The condenser is of 
the surface type through which passes 
all of the water pumped by the engine. 

The air pump is independent and of 
the crank and flywheel type. It is lo- 
cated in the basement of the station 
and receives steam from the main stand- 
pipe and exhausts into an auxiliary feed- 
water heater located in the boiler room 
through which the feed water, after be- 


Vacuum, inches of 


mercury...... 5 27.45 27 .67 27.75 
Barometer, inches 
of mercury.... 29.94 30.02 {30.00 
Discharge pres- 
sure, pounds 
73.14 79.94 73.64 


gage 
Suction pressure, 
pounds gage... 5.13 5.70 6.37 
Total pressure 
pumped against, 


eee 67 .64 73.70 66.72 
Average stroke of 

engine, inches. . 24.75 24.68 24.77 
Revolutions per 

39.38 27.22 25.74 
Piston speed, feet 

per minute..... 162.4 112 106.3 
Million gallons of 

water pumped.. 2.713 0.935 1.183 


Capacity, rate per 
24 hours, mil- 
lion gallons.... 10.85 7.48 7.10 

Total steam used, 
ree 25,422 9,832 11,475 

Moisture in steam, 

Total dry steam 
used, pounds... 24,987 9,598 11,202 

Duty r 1000 
pounds steam 
used, million 
foot-pounds.... 

Duty per 1000 
pounds dry 
steam, million 
foot-pounds.... 141 138.3 

Water horsepower 296.7 

Dry steam per 
water horse- 
power-hour, 
14.04 14.31 


138.6 135 132.6 


135.8 
223.5 192 


14.59 


Additional credit for the heat returned 
to the boilers as provided for in the con- 
tract, is not included in the foregoing 
figures. With this allowance, however, 
the engine is credited with a duty of 
149.5 million foot-pounds per 1000 
pounds of dry steam when operating 
under full load and with a duty of 142 
million foot-pounds per 1000 pounds of 
dry steam when delivering 7,000,000 gal- 
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ing passed through the main exhaust 
heater, is fed to the boilers by an in- 
dependent feed pump. 

The results obtained at the official 
trials of this engine are given in the 
accompanying table, taken from the city 
engineer’s report. 


rr 1 2 3 
Duration, hours. . 6 3 4 
Steam _ pressure, 

pounds gage... 151.4 151.2 151.9 


lons for 24 hours, exceeding the guar- 
antee 10.5 and 18 per cent. respectively. 
To demonstrate how the engine would 
operate under the various conditions met 
with in actual service, additional trials 
were made by pumping into the open 
service with the suction taken from the 
Hope reservoir and again with the suc- 
tion taken from the street mains, also by 
pumping into the closed service. 
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Portable Oil Burning Outfit 


The accompanying illustration shows 
a Hauck portable oil-burning outfit, 
adapted for all kinds of repair work, 
brazing and preheating in connection 
with electric or oxyacetylene welding, as 
well as tempering, annealing, melting, 
metals and similar operations wherever 
heat is required. 

The outfit consists of a seamless tank, 
equipped with a hand air pump, two 
sets of Hauck burners and hose at- 
tached to the tank and two adjustable 
stands to hold the burners in a proper 
position. 

The burners use kerosene oil as a fuel 
and give very powerful, clean flames, 


What the in- 
ventor and the manu - 
facturer are doing to save 
time and money in the en- 
gine room and power 
house. Engine room 


news 


sists of an endless round rubber ring 
forced into a triangular space in a 
corner of the flange of the removable 
cylinder. This permits of replacing lin- 
ers without delay, and forms a tight 
joint. The pump pistons are made une 


PORTABLE OIL-BURNING OUTFIT 


which are always under the control of 
the operator. This outfit is manufactured 
by the Hauck * Manufacturing Company, 
Richards street and Hamilton avenue, 
Brooklyn, N. Y. 


Blake-Knowles Slush Pump 


The Blake & Knowles Steam Pump 
Works, East Cambridge, Mass., have de- 
signed a pump especially adapted for 
oil- and gas-well work in pumping 
“slush” water. It is shown in the ac- 
companying illustration. 

This pump is said to be fully 100 per 
cent. heavier than the pumps heretofore 
used for this kind of service. The pump 
cylinders are fitted with heavy and very 
hard cast-iron removable liners, to re- 
sist the scouring action of the slush 
coming from the well. The liners are 
flanged and are held in place with studs 
and nuts. The jointing material con- 


usually heavy, with specially deep pack- 
ing spaces. The piston rods are divided 
so that when necessary to renew the 
pump rod which works in the water cyl- 
inder, the steam rod, which is not subject 
to the excessive wear, need not be in- 
terfered with or discarded. 

The water-valve seats are screwed in 
place and fitted with a special design 
of valve bolt having a screw-driver slot 
so as to do away with the use of 
wrenches. The valves in the pump cyl- 
inder are of a special vulcanized rub- 
ber composition, made extra thick and 
reinforced with a metal casing. The 
rubber is of proper firmness to prevent 
particles of sand and rock getting in 
between the valve and seat and keeping 
the valve from seating properly by im- 
bedding themselves permanently into the 
face of the valve. 

The pump has been so designed as 
to permit quickly removing and replac- 
ing the parts that are likely to wear. 
Pumps for this class of work are sub- 
ject to excessive wear. 

Another desirable feature is the ar- 
rangement of the stuffing-box glands on 
the water ends. The severe service will 
occasionally cause breakage of the 
glands, due to the extreme difficulty in 
packing against this slush, and when 
one breaks it would ordinarily mean dis- 
mantling the pump to remove the old 
gland and slip a new one over the rod. 
To overcome this, the glands on the 
pump end are made in halves, strongly 
bolted together so that a broken gland 
can be quickly and easily replaced. The 
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stuffing boxes on the pump end of the 
piston rod are made twice as deep as 
those ordinarily used with such pumps 
to facilitate packing the rods without 
screwing up the glands excessively 
hard. 

In the fittings that come with the pump 
special jacks are provided for remov- 
ing the pump pistons from the piston 
rods without having to withdraw the 
rod from the pump. Such a jack is 
also provided for removing the pump- 
cylinder liners, which can be quickly 
taken out and replaced without removing 
the piston rod. 

The working parts of the valve gear 
and stuffingbox glands are fitted with 
large lubricating oil wells into which 
can be placed wicking for carrying the 
oil. This permits proper lubrication 
and at the same time does not require 
frequent attention. 


Heely Boiler Tube Spreader 
Tool 


In the accompanying illustration is 
shown an improved tool used for spread- 
ing the tubes of Babcock & Wilcox boil- 
ers. The original tool was described in 
the February 21 issue of Power. 

The improved tool is provided with a 
wide face on the adjustable spreader 
head, which prevents any possible in- 
jury to the tubes. With the tubes spread 
as shown it is a simple matter to re- 
move an old baffle wall and replace it 


HEELY. BOILER-TUBE SPREADER TOOL 


with new baffle brick without injury to 
cither tubes or bricks. In this design of 
‘ool the extension end has been elimi- 
‘ated. 

No improvement has been made in 
the second tool of the set, which is used 
‘or replacing the baffle brick in posi- 
‘ion and consists of a gripping member, 
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adjustable from the end by a threaded 
rod. 

These tools are manufactured by the 
Heely Tube Spreader Company, 346 
Broadway, New York City. 


Type ‘‘A’’ Double Expansion 
Joint 


The Central Station Steam Company, 
of Detroit, Mich., has recently placed 
on the market a new and improved type 
of diaphragm expansion joint. The ac- 
companying interior view of a double 
joint shows the construction and method 
of operation. 

The double joint consists of two an- 
nular diaphragms of heavy cold-rolled 
and annealed copper, clamped at their 
outer edges between a cast-iron inner 
ring and ‘wo cast-iron outer rings and, 
having their inner edges spun through 
and around the inner edges of the cast- 
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Fic. 1. INTERIOR VIEW OF DOUBLE-EXPAN- 
SION JOINT 


iron backing rings. The copper is brought 
up far enough on the outside face of 
the backing ring to permit clamping 
it securely between the backing ring and 
the slip end, which is a short, flanged, 
cast-iron nipple. The outer ring, inside 
of and concentric with which the backing 
ring is located, is recessed to a depth 
considerably in excess of the thickness 
of the backing ring. 

In operation the joint is placed in the 
pipe line with the slip ends, and the back- 
ing rings drawn out to their farthest 
limit. The inner and outer rings are 
rigidly anchored by cast-iron lugs into 
the cencrete or brick box built around 
the joint; service pipes to the buildings 
on each side of the street are connected 
to the service outlets. As the pipe ex- 
pands the slip ends ana backing rings 
move toward the middle of the joint and 
the copper diaphragm, which touches 
the backing ring only at the inner edge 
when the pipe is centracted, is now 
drawn clese over the backing ring which 
reinforces it and carries the pressure of 
the steam. 

Fig. 1 shows an interior view of the 
expansion joint. Very few parts enter 
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into the construction of this device, a 
double joint capable of taking up the ex- 
pansion in 100 feet of pipe line having 
only nine parts exciusive of bolts and 
anchors, and the maximum bending of 
the copper at any point, due to change 
of position, cannot exceed 10 degrees. 
A large factor of safety has been 


Fic. 2. EXTERIOR VIEW OF DOUBLE-EXPAN- 
SION JOINT 
provided in the length of traverse, the 


joints being designed 
inches in 50 feet. 

The backing ring, which forms the re- 
inforcement for the copper diaphragm, 
is one sclid heavy iron casting, present- 
ing a smooth unbroken surface to the 
copper. 

The single joint is similar in construc 
tion to the double joint except that it 
has but one diaphragm and is designed 
to take up the expansion in only 50 feet 
of line. 


to permit 


New Test for Mineral Oils 


Alexander E. Outerbridge, Jr., at the 
recent meeting of the American Society 
for Testing Materials, gave a description 
of a method which he has discovered for 
detecting the presence of mineral and 
resin oils when mixed with linseed and 
other animal and vegetable oils. He 
found that the greenish bloom or 
fluorescence of mineral oil and the blue 
bloom of resin oil can be enormously 
intensified or magnified perhaps a thou- 
sand times, so that samples which have 
been debloomed and show no fluorescence 
in sunlight or electric light give a very 
visible indication. 

Light from an inclosed arc lamp is 
used for viewing the specimens, and, al- 
though the author does not describe his 
apparatus, the inference is that the effect 
is produced by the action of the ultra- 
violet rays. Samples containing a very 
small percentage of mineral or resin oil 
are said to show the bloom or fluorescence 
very markedly when viewed with this 
light against a black background, and 
by comparison with a set of samples with 
a known percentage of the oil a quan- 
titative determination can be made with 
fair precision. 
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Reilly Friction Clutch 


The illustration shows a sectional view 
of a Reilly clutch which is made in cut- 
off-coupling style. The standard clutch 
is made solid or split and can be put on 
the shaft without taking it down. 

This clutch is perfectiy smooth on the 
outside, thereby eliminating any chance 
of accidents. On the larger sizes, a 
large space inside for oil has been pro- 
vided which allows the ciutch to run in 
oil, thereby increasing the life of the 
clutch. The clutch body runs on a hard- 
ered and ground bushing which pro- 
tects the shaft from wear and makes an 
excellent bearing for the clutch body. 
On the larger size the shaft body is pro- 
tected from wear by an additional bush- 
ing. 

Referring to the figure the sliding 
wedge A enters the segmental cone B 
which forces the thrust collar and driv- 
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ing members C, therefore increasing the 
length between the adjusting head D 
and the bottom of the clutch body, trans- 
ferring the thrust on the ioose member 
through the collar E which in turn trans- 
_ fers the drive onte the driving member 
F. This gives four driving surfaces which 
act almost like a multiple-disk clutch. 
It is manufactured by A. S. Baldwin & 
Co., Sharon, Penn. 


Cochrane Double Feed 
Heater 


A special boiler feed-water heater for 
heating two separate water supplies is 
illustrated herewith. The heater is man- 
ufactured by the Harrison Safety Boiler 
Works, Seventeenth and Clearfield streets, 
Philadelphia, Penn. The heater is, in 
general, of the Cochrane open type, re- 
ceiving the exhaust steam through an at- 
tached oil separator. The water supplies, 
however, are received in two separate 
distributing boxes which deliver to sep- 
arate heating trays, from which the 
water drops into separate storage cham- 
bers. The idea is that in many plants 
there are two different water supplies 
which are used for two different pur- 
poses, as where the returns or con- 
densate from surface condensers is used 
for washing or dyeing, while city or well 
water is used in the boilers. 

This arrangement represents a con- 
siderable saving on cost of Heaters, and 
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of valves, piping, etc., while taking up 
much less room than one or more heaters 
would occupy. The arrangement is to 
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SECTIONAL VIEW OF A COCHRANE DOUBLE- 
FEED HEATER 


be used with the several modifications 
of the Cochrane heater. 


Vulcan Soot Cleaner as Applied 
to Economizers and Man- 
ning Boilers 


The application of the Vulcan tube 
cleaner to economizers and Manning 
boilers is illustrated in Figs. 1 and 2. 

The accumulation of soot and fine 
particles of coke in the soot chamber of 
economizers between the lower headers 
where the tube scrapers do not reach 
causes extra labor and loss of heat. This 
objectionable feature is overcome by the 
application of the steam tube cleaner, 
illustrated in Fig. 1, which shows a sec- 
tional elevation and cross-sectional view. 
When steam is turned on the accumulated 
soot is blown toward the right, as indi- 
cated by the direction in which the noz- 
zles incline. 

Fig. 2 shows the blower as applied to 
a Manning boiler. It is attached at the 
top and is operated from the floor below 
(the smoke-bonnet lids remaining closed), 
without interfering in the least with the 
firing of the boiler. 

The blower arm F is fitted with a 
series of nozzles which throw concen- 
trated blasts of dry steam into each tube. 
This blower arm is turned by means of 
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beveled gears and it revolves on a pivot 
bearing placed at the center of the top 
tube sheet and blows the tubes in rows 
on radial lines. 

When about to operate, first the drain 
valve A is opened to blow the condensa- 
tion from the steam line; the wheel B, 
which opens the main valve to admit the 


Fic. 2. CLEANER APPLIED TO MANNING 
BOILER 


steam through the nozzles, is then opened 
and the third wheel D is slowly turned by 
pulling the chain C gently about 4 inches 
at a time, so as to allow the steam to 
blow a few moments through each radial 
row of tubes. This device is manufac- 
tured by the Vulcan Soot Cleaner Com- 


pany, Du Bois, Penn. 


Fic. 1. CLEANER APPLIED TO AN ECONOMIZER 
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Stilz Fuel Oil Burner 


The Stilz burner is shown in section in 
the accompanying illustration. 

The nozzle comprises a central fitting 
A through which the oil under pressure 
is forced. A spiral B located within A, 
near its delivery orifice, causes the oil 
to acquire a high rate of rotation upon 
passing through the orifice, so that the 
actual direction of motion of the oil upon 
leaving the orifice spreads it out as over 
the surface of a cone. 

Surrounding A is an outer casing C 
having a delivery orifice larger than the 
oil-delivery orifice but sufficiently re- 
stricted to permit the steam, which is 
used as an auxiliary atomizing means, 
to catch hold of the film of oil and swing 
it into a much larger angle of diverg- 
ence and at the same time disintegrate 
it into a high degree of atomization. As 
all the high velocities are rotative, the 
oil is spread over a large sectional area 
and moves forward into the furnace at a 
rate about equal to that at which the 
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Hinge Edge Conveyer Belt 


A conveyer belt generally gives out at 
the point where it bends between the 
horizontal and side pulleys, at which 
point side crimp will occur, caused by 
the angular bending and intensified by 
the sag between the carriers under heavy 
load. This action is illustrated in Fig. 1. 


Power 


Fic. 1. WHERE BELT CRIMPS ON ROLLERS 


The prime requisite for any conveyer 
belt formed of plies vulcanized or fric 
tioned together is the strength, vitality 
and longevity of the friction bond which 
binds and holds the plies together. The 


STILZ FUEL-01IL BURNER 


air would be drawn into a suitably con- 
structed furnace, thus affording a uni- 
form mixture for combustion. 

The nozzle is located in front of a 
hole arranged in a wall of firebrick. All 
the air entering the furnace must pass 
through this hole, likewise all the 
atomized oil. Both are moving at about 
the same rectilinear velocity and the mix- 
ture completely fills the hole in the fire- 
brick, as it enters the furnace. 

As soon as the brick wall of the fur- 
nace becomes well heated at its inner 
side, the supply of steam to the nozzle 
may be discontinued, provided the. pres- 
Sure behind the oil is sufficiently great 
to spread the oil spray so as to just 
clear this hot ring of firebrick. In this 
case the oil spray and the current of 
ait, coming together while in contact with 
‘his igniting surface, continues the com- 
Sustion. The supply of air is regulated 
“vy Suitable air louvers on the furnace 
tront plates. 

This burner is manufactured by H. B. 
Stilz, Vallejo, Cal. 


Hinge Edge belt represents in operation 
practically three flat belts. 

The tensile strength in conveyer belts 
is so much in excess of the actual re- 
quirement as to make this question of 
tensile strength a negligible quantity. 
The necessity for rigidity in the center 
and sides and for maintaining maximum 
flexibility at the bending or troughing 
points makes different weights of duck 
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pounded to conform to the character of 
the work to be done. 

Hinge Edge belts are made in three 
grades of cover. Grade “A,” to conform 
to the requirements of heavy ore and 
gold-dredge work; Grade “B,” for the 
ordinary class of mining, milling, cyanid- 
ing and concentration work, and Grade 
“C,” for handling coal, sand, gravel and 
similar work. 

This belt conveyer is manufactured by 
John J. Ridgway, 207 Fulton street, New 
York City. 


Wild’s Calorimeter 


This device, designed for estimating 
the heating value of solid fuel, has re- 
cently been put on the market by the 
Precision Instrument Company, Detroit. 

It is of the sodium-peroxide type in 
which a mixture of the fuel and sodium 
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CROSS-SECTION OF WILD’s CALORIMETER 


peroxide is fired in a combustion cham- 
ber that is immersed in water. 

The apparatus shown in the illustra- 
tion consists of a combustion chamber A 
suspended from the cover B by a con- 
duit C which is furnished with a valve 
D; E is a copper water vessel and F is 
an outside vessel, heavily nickeled, form- 
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Fic. 2. CONSTRUCTION OF HINGE EDGE CONVEYER BELT 


practically a necessity in order to obtain 
the best results. This method of con- 
struction is illustrated in Fig. 2, which 
shows that at the bending points of the 
belt but three plies of canvas are in- 
serted in the rubber which surrounds 
them. At the center and outer edges 
there are seven plies of canvas. 

To withstand the necessary wear and 
tear of abrasive material a protective 
cover or pad is used, and this is com- 


ing an air jacket which effectually pre- 
vents radiation and absorption, thus 
rendering the rise in temperature of the 
water a guide to the heat given off by 
the fuel. A Fahrenheit thermometer is 
shown at G, the scale being divided into 
tenths and easily read in twentieths; H 
is an agitating paddle or stirrer. 

Each instrument is simple and gives 
direct readings of calorific value and 
evaporative power of any kind of coal. 
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Moments with the Ad. 


A manufacturer with 
a new product came into 
the office a few days ago 
and wanted information 
regarding advertising. 


We gave it to himand 
showed him how our papers reach and 
are read by the men in responsible 
charge of plants in their various lines, 
how advertising in the Hill papers 
would be a good investment for him, 
provided his product had merit. 


We explained to him our policy of in- 
serting advertisements from reliable 
concerns only, and stated that inas- 
much as he was not known to us, we 
would be obliged to have references in 
regard to his reliability and also know 
whether his product had merit. We 
told him that this was no reflection on 
him or his product, but we had to do 
this in order to protect our readers. 


He gladly gave us the references re- 
quired, and we are investigating these 
now. If his product has the merit that 
he claims, hisannouncement will appear 
in our columns—otherwise it will not. 
And he has plenty of money to pay the 
advertising bills, too. 


This manufacturer stated,“ I have run 
up against something different here. 
Heretofore my life has been made al- 
most a burden by advertising men so- 
liciting my business. They do not 
seem to care whether my product ap- 
peals to their particular class of people 


A department 


for subscribers 
edited by the ad- 
vertising service 
department of 
Power’ 


or not. Iam simply an- 
other victim—they want 
my business, that’s all. 


“As for investigating 
the truth of my claims, 
you are the first one to 
bring up the subject. 


“You strike a new note—you say you 
will let me advertise provided I furnish 
references as to the worth of my pro- 
duct. Moreover, you do not talk space, 
but service. You offer to render a ser- 
vice—get up a definite, specific plan of 
presenting my product to my possible 
customers and give them information. 


“Yours are the papers. in which I 
shall advertise, because any paper that 
takes the trouble to protect its readers 
as you do, must have their full confi- 
dence and these are the kind of papers 
that I want to have my advertising in.” 


Of course we are anxious to get new 
advertising, but we are not so anxious 
to get it as to overlook the fact that 
only reliable and truthful advertising 
pays in the long run. 


Any other kind of advertising in our 
papers will not only hurt the advertiser, 
but will hurt us in greater proportion. 


To be in our columns is a badge of 
responsibility, to buy from here is a 
guarantee of satisfaction. 


This is why it pays Power readers 


to read the Selling Section every week. 
Are you doing itP 
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The German Method of Cleaning Boilers does not Affect or Treat 
the Water. That’s Why It’s So Successful. 


Over 2,000 Plants in the U.S. and Canada are using 


Perolin German Boiler Compound 


a 
(D. R. Dampf-Kessel-Mischung ) 
and their boilers are as clean as when new. Inquire how to 
save money by the German Method. Ycu can’t beat the 


Dutch. Ask the Engineer who uses Perolin. Let us give 
you full information and particulars. 


LocalRepresentatives Wanted in Every Community. 
Write for Agent’s Proposition. 


The Perolin Company of America, 


1112-1114-1116 West 37th St. 
Chicago. 


High Pressure Packing is 

made for High Pressure and 
Superheat. Durabla will 

‘ stand Hot Water and Hot 


Sold in rolls or cut into gaskets of any size. Oil. 
R. G. VON KOKERITZ & CO., 114 Liberty Street, NEW YORK 


Canadian Sales Agents: The Canadian Fairbanks Company, Ltd., Montreal, Can. 


**Sterling”’ 


Ventilators 


will rid your plant of foul air, produce 

better ventilation and cost nothing for 

= They last longer than others 
ecause they are better made. 


**Sterling”’ 
Exhaust Heads 


prevent condensation from injuring roofs, 
etc., as only dry steam escapes from top 
and condensation runs out through drip 
pipe. 


Sterling Blower & Pipe Mfg. Company, Main Office and Works: Hartford, Conn. Write for Cutalog. 


Branches : New York Rochester Philadelphia Boston 


DUVAL METALLIC PACKING 


For superheated steam, high pressure steam and water, excels all other packings, just as 


FOSTER SUPERHEATERS Excel All Other Superheaters. 
POWER SPECIALTY COMPANY SAN 


No Tools Required||COOLING TOWERS 


. The Gilbert Gauge Glass Preserver car Fan—and Natural Draft 


be set without tools. It is simple, safe G E oO RG E j. ~ T O CHER 


and secure. 60 cents for a sample box. Sst. L . M 
: - Louis, Mo. 


We offer Electrical and Steam Machinery, 
of Standard makes, guaranteed as to con- 
dition. Personal inspection and investiga- 


Special Bargains, Western Delivery 


® 1—14 x 36 Twin City Heavy Duty Corliss. 
1—12 x 30 Hamil on Corliss. 


tion is invited. Wecan fill practically any 300 B& \ Weter Tube Bolter. 
ee , : in 380 H. P. Steel Header B & W Boiler with Stoker. 
requirement. Tell us your needs today. - g 500 H. P. Sterling High Pressure Boiler with Stoker. 
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General Offices, Baltimore, Md. 
Cc. H. Kalkman, Ass’t Gen. Mer. of 1 Broadw 

Sales, 1 Broadway, New York. 
Portsmouth, N. H., Cc. W. Gray, Mer., Land Title Bldg. 


pt. 
Boston, R. Gillespie, Mgr., 50 


Coal The Coal Carbon 


Bringing out the coal from a “Consolidation” Mine 


Look at this analysis of Georges 
Creek Big Vein Cumberland Coal: 
Moisture, .65; Volatile, 18.86; Fixed 
Carbon, 73.79; Ash, 6.70; Sulphur, 
go; B.t.u., 14,621. 

Isn’t that the kind of coal you’d 
like to use in your plant? 

Its ash is of such composition as to 
make the fusing point very high— 
thus it is practically a non-clinkering 
coal. No other coal can claim this 
characteristic as does Georges Creek, 
and further it is as near a smokeless 
coal as any semi-bituminous coal 
can be. 

Consolidation Creek Big 
Vein is used by the U. S. Navy for 
its battleships, because they must 
have the most economical coal for 
the purpose. 


It is also preferred by most of 
the large central power plants, both 
east and west, although in the west 
there are many cheaper coals to 
be had. 

Our comprehensive distributing 
facilities enable you to get Consolida- 
tion Coal in any amounts, quickly and 
continuously. We have depots con- 
veniently located all over the country, 
in many of which up to 350,000 tons 
of Consolidation are stored ready for 
quick delivery. 

Ask us. about all the different 
grades of Consolidation Coal—the coal 
of carbon. 

We'll send you the interesting book- 
let, ‘“The Coal to Buy and How to 
Burn It.”’ 

Write for a copy. 


The Consolidation Coal Company 


INCORPORATED 


F. W. Wilshire, Gen. Mér. Of Sales, 1 Broadway, New York 


OFFICES: 


Continental Bldg. 


New York. co hg Parsons, Manager, Louisville, Ky., G. E. Davis, Megr., 


M. Wilshire, 
Baltimore, H. C. Thomas, Megr., 


Detroit, 
Washington, W. j Leetch, Mer. 


Paul Jones Bld dg. feller Bldg. 


Cincinnati, W. C. Rogers, Mgr., Chicago, N. W. Fuel Co., Fisher 


Traction Bldg. Bidg. 


Megr., For d Press Bldg. 


European Agent, G. W. Rutherford, Billiter Square Building, Billiter Street, London, EB. C. 
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Cleveland, z. W. Fuel Co., Rocke- 


M. _— Western St. Paul, N. W. Fuel Co., Pioneer 
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KEYSTONE GREASE 


DENSitTy NUMBERON cov Z, 


Spicy 


You'll Be Glad, Too, That You Sent For Them 


After you receive the Can of Keystone, 
the Grease Cup and the Engineer’s Cap 


For each of them is something that you need, something that will make your work more 
agreeable as well as more profitable for the man who employs you. 


You will see for yourself that Keystone Grease has no waste; it reduces friction to a min- 


imum; it will not gum; it contains no tallow, fats, soapstone or any injurious substances and 
it is not soluble in water. 


Keystone Grease is applied to bearings by pressure grease cups. The development of fric- 
tional heat is not required to cause the grease to feed. The original density of Keystone Grease 
never changes under the severest conditions of speed pressure and atmospheric heat and cold. 


Keystone Grease holds the world’s record for the lowest coefficient of friction. We guar- 
antee that no other lubricant on the market can compare with it in quality. 


4 


Fill out and return the coupon and see if what we say is not so. 


21st, Clearfield and Lippincott Streets Philadelphia, Pa. 


Branch offices and warehouses in the principal cities of the United States. 
Agencies in the principal countries throughout the world. 
No Connection With The Oil Trust 


A SAMPLE FREE 
KEYSTONE LUBRICATING COMPANY, Phila. 


Please send us a large size sample of Keystone Grease, sufficient for testing purposes, and one Brass Grease Cup and Free 


Engineer’s Cap. It is thoroughly understood that no charges whatsoever will be made for sample, cup or cap, and all express 
charges will be paid by you. 


Name of bearing where sample will be tested. . .. 


Size cap required... ........ CUT OUT THIS COUPON AND MAIL IT TO-DAY Dept. B—9-12-11 
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Engineers: 


You positively cannot get better Globe, Angle or Cross Valves than 


Lunkenheimer ‘“‘Renewo”’ Valves 


So why waste time in trying 
For DURABILITY and PRACTICABILITY they have no equal 


When you consider that the SEATING SURFACES of these 
valves CAN BE REGROUND a number of times; that every part 
of the valves including the SEAT and DISC CAN BE RENEWED 
when worn; that the SEAT is SELF CLEANSING; that the 
material used in the body and other trimmings is a bronze compo- 
sition containing a high percentage of copper and tin; excepting 
the SEAT which is made of a HARD CLOSE-GRAINED NICKEL; 
that the areas throughout the valve body are LARGE and UN- 
OBSTRUCTED, and that the workmanship cannot be excelled, — 
DON’T you think them worth a trial? . 


Ask any engineer who. has ever used LUNKENHEIMER 
“RENEWO” VALVES and if you will be guided by his advice we 
feel satisfied that you will adopt them, 


Don’t forget that they are made by THE LUNKENHEIMER 
COMPANY, a firm that GUARANTEES ALL OF THEIR PRO- 
DUCTS and that while most supply houses carry them in stock 
those that don’t can get them for you if you simply SPECIFY and 
INSIST on having LUNKENHEIMER “RENEWO.” 


Lunkenheimer ‘‘Renewo” Globe, Angle 
And Cross Valves 


are made in two patterns,—medium and 
extra heavy,— guaranteed for working pres- 
sures up to 200 and 300 pounds per square 
inch respectively. They are furnished in 
sizes ranging from % to 3 inches inclusive. 
Your dealer can furnish them. If not, 
write us. 


Write for catalogue. 


The Lunkenheimer Company 


Largest Manufacturers of High-Grade Engineering Specialties in the World 


General Offices and Works: Cincinnati, Ohio, U. S. A. 


New York, 64-68 Fulton St. Chicago, 186 North Dearborn St. 
London, S. E., 35 Great Dover St. Boston, 138 High St. 
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